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FOREWORD 


Recent NASA planning activity has been directed toward the definition of 
Life Science payloads for the ^ace Shuttle vehicle sjrstem. This study, 
the third in the series, was funded under NASA contract NAS8-30288. 

The two prior studies are summarized below. 

1. Oct. 1970 -March 1972 — Life Sciences Payload Definition and Inte- 
gration Study (Task A&B), Contract NAS8-26468. This contract es- 
tablished a comprehensive inventory of functional and equipment re- 
quirements to perform unlimited life sciences research in space. It 
also examined life sciences laboratory concepts of extensive capa- 
bility which might be suitable for incorpo/ation in large future space 
station complexes. 

2. July 1972 - August 1973 -- Life Sciences Payload Definition and Inte- 
gration Study (Task C&D), Contract NAS8-29150. This contract 
utilized the research functions and equipment requirements estab- 
lished in the preceding contract. Laboratory concepts were more 
limited in scope than the preceding study and were intended to fit 
within the Shuttle/ Sortie Module (l^acelab). The major life sciences 
laboratory concept resulting from this study was designated the 30- 
Day Dedicated Laboratory, which would completely fill the Sortie 
Module. Preliminary Carry-On Laboratory concepts were also In- 
vestigated. 

The present study contained three separate work element tasks as shown 
in the following figure. The first delt with Carry-On Laboratory design 
concepts as reported in Volume H. The second and third dealt with up- 
dating the cost and data management studies performed on the previous 
contract, NAS8-29150. The results of the second and third task elements 
are presented in Part I and Part n, respectively, of this volume. 
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SECTION 1 


INTRODUCTION 

This study was performed as an adjunct to the costing study accompllshco curing 
Task C&D of Contract NAS8-29150. The initial reporting was presented in report 
CASD-NAS73-003, Volume n dated August 1973. 

1.1 SUMMARY 

This report documents the results of the updated 30-Day Life Sciences Dedicated 
Laboratory scheduling and costing activities. It includes a discussion of the "Low 
Cost" methodology used to establish individual equipment item costs. This approach 
allows the consideration of equipment that is commercial off-the-shelf, modified 
commercial, laboratory prototypes, etc. , which significantly lower the program 
costs. The costs generated include estimates for the non-recurring development, 
recurring production, and recurring operations costs. It should be noted tluit 
these estimates do not include such major elements as the space shuttle vehicle, 
the SPACELAB, or Principal Investigator costs. 

A cost for a Biomedical Emphasis Laboratory and a A cost to proxdde a Bioscionce 
and Technology Laboratory were generated. The costs reported are commensurate 
with the design and schedule definition available, with ttie understanding that the 
estimates are for budgetary and planning purposes. 

Table 1-1 is a summary of the laboratoiy costs generated, in 1974 dollars. 


TABLE 1-1. LABORATORY COST SUMMARY (K$) 



Non-Recurring 

Development 

Recurring 

Production 

Recurring 

Operations 

Total 

Biomedical Emphasis 

19,137 

2,809 

35,425 

57,371 

Bioscience and Technology 
Laboratory Cost A 

2,318 

358 

3,416 

6,092 


The basic cost element for the overall Dedicated Laboratory costs is the equipment 
unit <EU) costs. These costs are summarized in Table 4-L Composition of EU costs 
includes individual equipment item costs plus the wraparound cost factors which are 
detailed in Se. t on 6 of this part. 
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Asa result of cost studies performed on the Dedicated Laboratories, certain program- 
matic and technical factors became apparent. The more significant factors are: 

1. The laboratory development schedule required to support an August 1980 mission 
is extremely tight and contains no contingency time. 

2. Certain SRT areas require that the Phase A/B program activity begin in January 
1975 and that the Phase C&D begin by mid-1976. This would provide SRT equip- 
ment items to the principal investigators for baseline experiments prior to the 
space mission. 

3. The confidence level for the majority of equipment item cost estimates ranges 
from medium-high to medium. This means that cost estimates at the equipment 
level would be subject to change when requirements changed or equipment defini- 
tion become more detailed. 

4. The major contribution to program costs, approximately 60 percent, is the re- 
curring operations during the 12-year program. 

5. The wraparound cost factors such as ^stem test, system eng Peering and inte- 
gration, M&A, fee, and initial spares, are based on historical data where avail- 
able and estimated allowances in the other cases. These factors could vary con- 
siderably depending cm the guidelines used. Cost based on these factors amounted 
to about 9 percent of the total Dedicated Laboratory cost esti'^' . 

6. The use of available Skylab equipment can be very effect! iie Life Science 

missions. Caution, however, should be exercised with r . to its availability 
to support a 12-year program. 

7. Cost reduction guidelines ire needed to control ftiture program costs. Design- 
to-cost approaches with performance goals and thresholds should be established 
for hardware development. Other cost reductions can be achieved by minimizing 
changes in design criteria, relaxing reliability requirements, and reducing test 
requirements. 
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SECTION 2 


LABORATORY DEVELOPMENT SCHEDULES 


Dedicated laboratory development schedules were generated for the Biomedical 
Emphasis Mission only The Bioscience and Advanced Techix)logy Laboratory 
schedule can be accommodated without any impacts, based upon the present level 
of definition. 

The development is paced initially by the first flight date of August 1980 (Reference 
1). Subsequently, the development schedule is paced fay the development of each 
equipment item (El). Two classes of Els were identified. These are Supporting 
Research and Technology (SRT) items and all other Els. 

2.1 SRT EQUIPMENT ITEMS 

The SRT items exhibit the highest development risk and some, like Hie common 
holding unit and its inserts, require extensive evaluation in the Principal Investi- 
gator's (Pis) laboratory. The initiation of SRT Phase C&D is required approximately 
1^ years before the other equipment items. To accomplish this within the a\allable 
time span, the SRT Phase B must be initiated before the end of the Phase A study 
for the total dedicated laboratory. Following is a list of SRT items with their in- 


dicated development time. 

Common Holding Unit, Inserts and Camera 30 Months 

Drive System (El 39, 98A, 30A ft 38A) 

Freezers and Refrigerators 24 Months 

(El 77B, 81 & 83) 

Mcmkey Cages (El 28A) 30 Months 

Centrifuge (El 43) 30 Months 

Environmental Control ^stem 30 Months 

2.2 NON-SRT EQUIPMENT ITEMS 


The other class of equipment items represents all those not in the SRT category. 

The development ti.me of each equipment unit (EU) was estimated based on its long- 
est El development time. The total Phase C&D development time span is two years. 
Figure 2-1 shows the development time spans of the different EUs. The procurement 
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DEVELOPMENT TIMES 

6 MONTHS 

12 MONTHS 

18 MONTHS 

24 MONTHS 

EU-1 

EU-3 

EU-2 

EU-4 

EU-6/7 

EU-40/41/42 

EU-80 

EU-6 

EU-60/61 

EU-50/5l/'»0 


EU-26 

EU-23 

EU-91/93 


EU-12/31 


Figure 2-1. ET^ Development Time ^>an 

(Assumes 1 January 1978 Start) 


phase is initiated six months before the completion of Uie development phase for 
all non-SRT items. This is required to permit checkout and installation time 
for the laboratory. A minimum risk is anticipated by initiating procurement 
prior to completion of the development phase since the last development tasks 
represent EU and life Sciences Lab System Tests. The amount of changes which 
would impact production is expected to be at a minimum during this phase of 
development. 

Figure 2-2 shows the Biomedical Laboratory schedule, including the funding spread 
which is discussed in Par. 3.3.2. 




Figure 2-2. Dedicated Biomedical Emphasis Lab Schedule & Funding 


































SECTION 3 


COST ANALYSIS 


An overview of the cost analysis approach is shown in Figure 3-1. Guidelines re- 
flecting the NASA low cost philosophy as described in References 2, 3 and 4 were 
used to develop the program cost elements. The basic costing methodology 
was developed for both the large Dedicated Life Sciences Laboratory and the COL. 
A description of this costing methodology is detailed in Par. 3.2. 



Figure 3-1. Costing Activity Overview. 

3 . 1 COST ANALYSIS GROUND RULES AND ASSUMPTIONS 

The following is a list of the geneiral ground rules used in the cost estimating. 

1. Costs are estimated in 1974 dollars and reported by government 
fiscal year. 

2. Only phase C&D and recurring operations are costed. 

3. GFE - non-recurring costs are excluded. (These 

costs, however, are utilized as inputs for cost elements estimated 
on the basis of hardware costs, etc. ). 
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4. Suppoirtlng Research and Technology Items (SRT) are Included In the 
costs. 

5. \11 equipment items were included under prime development category 
l)ecause subcontract items have not been identified at this time. 

6. All G&A and other overheads except Managemait and Administration 
are included in each of the equipment item cost elements. 

7. The cost methodology selected provides costs commensurate with early 
payload definition information. The cost estimates are for preliminary 
budgetary and planning purposes. 

8. No equipment items were costed for the EU Systems Test (WBS Level 3). 
It was assumed that test specimens from individual qualification tests 
are available. For the L/S Laboratory System Tost (WBS Level 2), 

50 percent of the required hardware is assumed available from EU Level 
Systems Tost programs and refurbishment costs (10 percent) for these 
items is included in the EU Level, System Test Costs. Costs for the re- 
maining 50 percent of thehardwai^ are included in the L/S Laboratory 
Systems Test. 

9. A 25 percent factor was added to vendor puirchased unit costs to account 
for prime contractor off-site procurement inspection, receiving inspec- 
tion, and general and administrative costs. 

10. For certain commercial equipment which requires minimum modifica- 
tion, development units were not included and any development tasks 
required are accomplished on the production unit. 

11. A 28 flight, 12 year operational program was assumed. 

The cost estimates based upon these ground rules are further defined by the sum- 
mary of included and excluded items shown in Table 3-1. 

3.2 COST METHODOLOGY AND RATIONALE . A cost model using a work break- 
down structure (WBS), including categories of hardware, services and other cost 
tasks, was developed for the Dedicated 30-Day Inb. The WBS, including Levels 1, 
2, and 3, is shown in Table 3-2. 

3,2.1 CO?T MODEL. The model huiludeB a set of individual equipment item cost 
estimating relationships (CERs), cost factors or point esttmates. In addition, 
the model established a mathematical procedure for the proper accumulation of the 
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TABLE 3-1. SUMMARY OF COST ELEMENTS 


INCLUDED ITEMS 

EXCLUDED ITEMS 

NON-RECURRING DEVELOPMENl’ 

NASA INTERNAL MANAGEMEN'T 

- DESIGN & DEVELOPMENr 

- QUALITY ASSURANCE & RELIABILITY 

PRINCIPAL INVESTIGATOR SUPPORT 

- SYSTEM ENGINEERING 

EXPERIMENT SPECIFIC EQUIPMENT 

- MISSION ANALYSIS 

- EU SYSTEMS TEST 

- L/S LAB SYSTEMS TEST 

GROUND-BASED LAB ARTICLES FOR 
CONTROL EXPERIMENTS 

- INTEGRATION 

TRAINING ARTICLES 

-GSE 

- INITIAL SPARES 

BACKUP LABS 


GROUND MOCKUP 

RECURRING PRODUCTION 
- MANUFACTURE 

DEDICATED SPACELAB COST 

- QUALITY CONTROL 

SPACE SHUTTLE "USER CHARGES' 

- ACCEPTANCE TEST 

- SUSTAINING ENGINEERING 

PHASE A & B COSTS 


FLIGHT CREW COSTS 

RECURRING OPERATIONS 
- CONSUMPTION SPARES 

GROWTH OR CONTINGENCY COSTS 

- REFURBISHMENT 

- LAUNCH OPER/VnONS 

- MISSION OPERATIONS 

FACILITIES COSTS 

GENERAL AND ADMINISTRATIVE 


MANAGEMENT & ADMINISTRATION 


FEE 



individual elements together with the overall program or mission factors (where defined) 
such as operational lifetime, number of launches, etc. The model was used to organize 
the procedures for determining all of the individual cost "pieces" maMng up the total 
Dedicated 30-Day Lab program costs. 


The model derived an equipment unit hardware cost. This cost was then employ ed 
where necessary during the derivation of non-recuiring (development) and recurring 
(production and operational) costs. These were then accumulated to provide the re- 
quired total program cost. A discussion of the individual equipment cost methodology 
and the application of the different item factors and their application follows. 
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TABLE 3-2 

LIFE SCIENCES 30-DAY DEDICATED LABORATORY 
COST WORK BREAKDOWN STRUCTURE 



NR 

R-P 

R-O 

LEVEL 1 - LABORATORY PROJECT 




Laboratozy Hardware 

X 

X 

X 

Spacelab 


X 

X 

Integration 




life Sciences Lab to ^moelab 

X 


X 

Spacelab to Shuttle 

X 

X 

X 

LEVEL 2 - LABORATORY HARDWARE 




EU-1 (see Level 3) 

X 

X 


EU-2 (see Level 3) 

1 

1 

X 

X 


1 

1 

EU-N (see Level 3) 

X 

X 


ECS 

X 

X 


* SPARES 




Initial Spares 

X 



Consumption Spares 



X 

♦LAB SYSTEM TEST 




Engineering Test Operations 

X 



Test Hai'dware 

X 



♦SYSTEM ENGR'G/SYSTEM INTEG 




EU - EU 

X 



Man-EU 

X 



♦flight operations 




Launch Operations 



X 

Mission Operations 



X 

Refurbishment 



X 

*MGMT 6 ADMIN (♦ ITEMS ONLY) 

X 

X I 

X 

FEE (♦ITEMS ONLY) 

X 

X 

X 

H SUPPORT 

X 

X 

X 

NASA INTERNAL MGT SYSTEM (IMS) 

X 

X 

X 


I-IO 
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TABLE 3-2 (Conf d) 



NR 

R-P 

R-O 

LEVEL 3 - EU HARDWARE 




EI-1 

X 

X 


EI-2 

1 

1 

X 

X 


1 

\ 

El-n 

X 

X 


Structure/Mechaidcal 

X 

X 


Electrical Power 

X 

X 


Data Handling 

X 

X 


Cabling 

X 

X 

1 

I 

SYSTEMS TEST 



1 

J 

Hardware 

X 



Operations 

X 1 



Refurbishment 

X 



SYSTEMS ENGR’G & INTEGRATION 

X 



GSE 

X 



MGMT & ADMIN 

X 

X 


FEE 

X 

X 

i 



I-ll 


. V 
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The cost meUiodology for the individual equipment items was tailored to obtain the 
highest confidence cost estimate with the information available. Table 3-3 shows 
the six methods of costing used and the percentage of the items included under each 
category. 


TABLE 3-3. LABORATORY COST ESTIMATING TECHNIQUES 

PERCENT OF ITEMS COSTING METHODS 

36 BASED ON SSPDA DEVELOPED CER'S 

23 BASED ON UNOFFICIAL NASA SKYLAB COSTS 

18 BASED ON VENDOR CATALOG OR TELECON QUOTES 

8 BASED ON ENGINEERING ESTIMATES 

9 BASED ON UNOFFICUL NASA COST DATA FOR 
PROGRAMS OTHER THAN SKYLAB 

6 BASED ON DV.SIGN MANLOADING & PARAMETRIC 

ANALYSIS 

A significant portion (3G percent) of the items were costed using Space Shuttle Pay- 
load Development Activity (SSPDA) (Reference 5) developed cost estimating relation- 
sliips for "low cost" SPACELAB payloads. A typical example of a cost data backup 
sheet is shown in Figure 3-2. 

The SSPDA CERs were generated for general types of experiment equipment. These 
CERs were further refined with complexity factors for all of the equipment items. 

The sources for the CERs include historical data, mission equipment studies, vendor 
contact, conunercial catalogs, and in-house experiment programs. The amount of 
applicable historical data was sparse. As a result, a wide variety of cost data was 
collected from manned and lanmanned spacecraft programs, aircraft and balloon 
programs, and commercial laboratory equipment to augment the data base. The 
data was displayed on a cost versus weight graph and . chiK>logical families identi- 
fied. Log-linear CEIRs were then derived using standard curve fitting techniques 
with weight as the driving parameter. Figure 3-2 includes typical CER equations 
developed for mechanical devices and electrical components. SSPDA CERs were 
used to estimate costs where no higher confidence method was available. In some 
cases, SSPDA CER costs were reduced to account for savings expected because 
existing commercial equipment can be modified to meet the requirements. 

The second highest percentage of items was estimated based on unofficial Skylab 
cost information. The data was obtained by contacting cognizant technical and man- 
agement personnel at NASA. The majority of the items included were kits whose 
costs were estimated based on Skylab experience with the Inflight Medical Support 
System Kit development. 
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^I^FRARED GAS ANALYZER 

I Contact: Lou Shaver, Infrared Industrios, Inc., Santa Barbara. CA 806/684-4181 

Devolopmont Cost 

Total Unit Weight = 25# 

C5% of Weight *= 16. 3tf 

SSPDA CER42d Mechanical/Mechani:,ni - Low Complexity 

♦ Cjj-KpX 19.68 X W* 

Cjj- (.232) (19.68) a6-3)’® = $18. 4K. 

35% of Weight is Electrical - Norn Complexly - 8.7# 

SSPDA CER 21m 

♦ Cd“ Kd X 51.8 W-5 

Cjj- (1) (51.8) (8.7)’® = $153K 

.* . Total Development = $171. 2K 1.06 (1974 3) = $131. 5K 

Commercial equipment is available and developed. Vcntlor contacts and engineering 
analysis indicates ~ 1/3 of new development cost required for space rating. 

Cjj=$ 61 K. 

Unit Cost 


Commercial unit cost - IR Industries Series 700 ~ S2K. 

Eng. Estimate & Vendor ConUict = $10K (5>< commercial). j 

Confidence Iwevel - Medium High 


* These equations for development cost are of the form: 

Cj^=KjjX A(\V)® 

where; 

~ cost A = log linear equation coefficient 

Kjj = complexity factor W = Independent parameter (weight) 

B = log linear equation exponential power 


Figure 3-2. Backup Ehcample - CER Costed Item. 

Other costing methodology involved obtaining vendor catalog costs and vendor telecon 
quotes for commercial modified equipment. The remaining equipment item costs 
(23 percent) were based upon engineering estimates, NASA cost data other than Skylab, 
and design manloading nnd parametric analysis. 
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3.2.2 COST ANALYSIS FLOW CHART. Figure 3-3 shows the Cost Analysis Flow 
Chart which traces the cost buildup through WBS Level 3, 2 and 1. A discussion 
of the application of the different cost &ctors and their rationale follows . 

Test Operations: The EU systems test operations cost is estimated at 6 percent of 
the total non-recurring cost (including estimated GFE development costs). This in- 
cludes all test hardware, test operations, and test support at the system level but 
excludes development or qualification tests of individiml equipment items and test 
fiicilities. The stu^ results from the RAM study (Reference 6) were 6. 8 percent 
and the Large ^ace Telescope Phase A study were 6.5 percent (Reference 7). 

From these results, a slightly lower factor of 6 percent was selected for a low cost 
approach. For the L/S Lab System Test (WBS Level 2), test operations cost is 
estimated at 3 percent of the total non-recurring cost (WBS Level 3). 

Special Test Equipment & Test Equipment Refurbishment: The special test equipment 
(5 percent) and refurbishment (10 percent) percentages were selected based on engi- 
neering esdmates because no directly applicable historical data existed. The ^- 
furbishment is required to permit the use of 50 percent of the equipment in the L/S 
Lab ^sterns Test (W^S Level 2). 

Management & Administration: Project Management and Administration includes all 
tasks associated with planning, organizing, directing and controlling the development, 
production and operations of the laboratory. A 5 percent allowance is used for this 
cost element and is typical of many NASA programs. (In the Centaur NAS3-3232 
contract, program management was 5.37 percent. ) 

Systems Engineering and Integration: Systems Engineering and Integration includes 
system analysis performance and operational requirements, interface requirements, 
design and control, system effectiveness analysis (reliability, QA, maintainability, 
human factors, safety, value et^ineering, etc.), integration requirements, test and 
checkout philosophies, specification maintenance, design reviews, technicjil iwr- 
formance measurements and special studies. A total of 15 percent of non-recurring 
was used for El to El integration within an EU at WBS Level 3. At WBS Level 2, 

5 percent of non-recurring was used for each of the EU to EU and Man to EU inte- 
gration tasks. At WBS Level 1, 5 percent was used to account for L/S Laboratory 
to SPACELAB payload integration tasks. The total integration percentage used is 
30 percent. Centaur data, although not directly applicable, sliows 21 percent and 
other study data shows up to 32 percent. 

Ground Support Equipment: The GSE cost element includes all of the engineering 
design and development, test and evaluation, and manufacture of all equipment re- 
quired to support the lab. This category includes handling and transport, servicing, 
maintenance and auxiliary equipment. Little or no historical data is available which 
is applicable to payload equipment of the type under consideration. Accordingly, the 














results of the SSPDA studies which selected an austere allowance of 38 percent of 
recurring production costs were used. 

Spares: Initial spares cost based on 20 percent of recurring production and con- 
sumption spares is calculated at 2 percent recurring production cost per flight. 
Little or no historical data is available for specific Shuttle/SPACEIAB payload ap- 
plications. Studies have shown a spares requirement of from less than 1 percent to 
numbers approaching 10 percent per flight for the Apollo program. SSPDA cost 
analysis used a 5 percent consumption spares allowance without any allocation for 
initial spares. Accordingly, the values have been selected as an allowance pending 
a detailed sparing study. 

Equipment Removal and Replacement: This cost r . nt only Includes equipment 
removal, equipment reinstallation and compatibilit ’ xv-.*ification. All oUter costs 
are included under refurbishment. An estimate of percentage of each EU equip- 
ment subject to removal after each flight is shown in Table 3-4; 8. 4 percent of the 
recurring unit cost of the equipment removed is used. This is based on the results 
of an analysis performed for the RAM Study (Reference 6) . 


TABLE 3-4 

EU EQUIPMENT REMOVAL 6 REINSTALLATION PERCENTAGES 


EU 1 

25% 

EU 26 

5% 

EU 2 

40% 

EU 12/31 

35% 

EU 3 

40% 

EU 40/41/42 

35% 

EU4 

40% 

EU 50/61/70 

20% 

EU 5 

40% 

EU 60/61 

5% 

EU 6/7 

10% 

EU 80/91/93 

40% 

EU 23 

5% 

ECS 

25% 











Refurbishment: Equipment refurbi aliment includes all labor and support for post- 
flight cleanup, maintenance and refurbishment. This includes scheduled mainte- 
nance, failure diagnosis and reppJr, equipment storage, equipment replacement and 
reassembly, and functional checkout and calibration. Not Included is equipment re- 
moval and replacement , which is treated as a separate cost element. 

The costs were calculated as 4 percent of recurring production per flight. This in- 
cluded 2 percent for refurbishment and 2 percent for functional checkout and calibra- 
tion. No directly applicable historical precedent exists for the type of mission 
operations envisioned in the Shuttle/SPACELAB era. Accordingly, the values used 
are based on stuc^’ results derived from maiHoadlng of similar type study vehicle^i. 

Update Allowance: An update allowance of 10 percent of recurring production plus 
non-recurring developmoit cost was used for each year of the flight program. This 
cost element includes all sustaining engineering e !fort to perform modification and 
procurement of existing equipment, and (...e development and acquisition of new .and 
undefined equipment. 

Launch Operations Support: This cost element includes all supporting activities 
directly related to the payload itself between the time of the completion of the payload 
integration task (including all integration test and checkout and the flight readiness 
certification) and the time of orbit attainment. It Includes transportation to the launch 
site, onboard fluids and gases (expendables), launch operation^ GSE maintenance, and 
all support (labor) during this period including loading into the shuttle, launch prepara- 
tions and launch operations monitoring. 

No directly applicable historical precedent exists for the type of operations en- 
visioned in the Shuttle area. Accordingly, the results of the RAM study were used 
(Reference 6). The average allowance of $50K/launch is derived from a brief man- 
loading study of an austere payload launch operations concept. 

Mission Operations Support: This cost element includes all supporting activities 
direedy related to ttie payload itself between the time of orbital attainment and the 
time of completion of orbital activities and space shutde return. It includes all 
mission mcnitoring/control fault diagnostics and other operational support required 
by the payload itself. 

No direedy applicable historical precedent exists for the type of iiiis''ion operations 
envisioned in the Shutde Sorde era. Accordingly, the RAM study results were 
utilized. The average allowance of $95, 000 for a 30-day flight is based on a 12-hour 
day and is derived from a brief manloading stucty of an austere payload mission 
operations concept. 
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3.3 COST SUMMARY 

Table 3-5 shows a WBS Level 1 and 2 Cost Summary of the Biomedical Emphasis 
Laboratory. Table 3-6 shows the Level 1 and 2 Bioscience and Advanced Technology 
Laboratory Cost Delta WBS Summary. The WBS Level 3 Cost Summary for both 
laboratories is shown in Table 3-7. Figure 3-4 shows the details of the recurring 
operatiorrs costs and the impact of the update allowance on the total costs. Table 
3-8 shows a typical example of an EU Cost Summary Sheet. All the EU cost summary 
sheets are presented in Section 6. 0 

The delta costs for EU 23, bioresearch centrifuge, are as follows: 

Non-Recurring Recurring Operations 

Recurring Production Development (28 Flights. 12 Years) Total 

$315K $1648K $2458K $4421K 

3.3. 1 HIGH COST ITEMS. Table 3-9 lists all equipment items with non-recurring 
development costs above $100K and Table 3-10 lists all equipment items with recurring 
production costs above $50K. All costs shown are only at the equipment item level, 
they do not include EU level wraparound costs. 

For the non-recurring items, three cost groups exist. The first includes only the 
common holding unit. Its cost estimate confidence level is rated as medium high and 
no significant cost reduction is possible without changing the scope of the system. 

The second group of items ranges from $615 to $977K. The items in this category 
have a medium confidence level and further detailed definition of the design charac- 
teristics could reduce the costs. The bioresearch centrifuge cost, however, could 
be increased significantly if the design required a non-stoppable centrifuge approach. 

All other items are in the $100 to $200K development cost range. The cost of the 
majority of these can possibly be reduced with more detailed definition of design re- 
quirements as would occur during a Phase A program. 

Table 3-10 lists the equipment items with recurring unit cost above $50K. Two 
groups are apparent, those with costs below $100K and the bioresearch centrifuge 
with a unit cost of $277K. The centrifuge cost, as discussed above, can be subject 
to significant change depending on its further definition. Of the remaining items, 
approximately a third of which are GFE, the majority of the costs can be subject to 
reduction with more detailed definition of design and prediction requirements. 
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TABLE 3-5. LIFE SCIENCES BIOMEDICAL EMPHASIS 
30-DAY DEDICATED LABORATORY 


COST WORK BREAKDOWN STRUCTURE (K$) 


LEVEL 1 - LABORATORY PROJECT 

Laboratory’ Hardware 

Spacelab 

Inte nation 

Life Sciences Lab to Spacelab 
Spacelab to Shuttle 

NR 

R-P 

R-0 

18270 

867 

2809 

■ 

35425 

i 

LEVEL 2 - I A BORA TORY R\RDWARE 




EU-1- EU-7 (CORE) 

43 72 

1317 

1 

EU -40/41/42 

3019 

352 


EU 60/61 

126 

135 


EU 26 

332 

74 

i 

EU 12/31 

1092 

301 

I 

EU 23 

1263 

315 


ECS 

3845 

315 


* SPARES 



• 

Initial Spares 

496 



Consumption Spares 



1387 

* SYSTEM TEST 



1 

Test Operations 

459 



Test Hardware 

1238 

1 


♦ SYCTEM ENGR'G/SYCTEM INTEG 

1 

1 

! 

EU - EU 

765 


1 

1 

Man-EU 1 

765 


j 

♦ FLIGHT OPERATIONS 




Launch Operations 



1400 

Mission Operations 



2666 

Refurbishment 



25786 

♦MGMT & ADMIN (* ITEMS ONLY) 

186 

0 

1562 j 

FEE (* ITEMS ONLY) 

313 

0 

2624 

PI SUPPORT 


- 


NASA INTERNAL MGT SYSTEM (IMS) 

- 

- 

- 
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TABLE 3-6. 30-DAY DEDICATED LABORATORY BIOSCIENCE AND ADVANCED 
TECHNOLOGY LAB COST A TO BIOMEDICAL EMPHASIS LAB COST 


COST WORK BREAKDOWN STRUCTURE 



NR 

R-P 

R-0 

1 LEVEL 1 - LABORATORY PROJECT 




Laboratory Hardware 

2230 

358 

3416 

Spacelab 

Integration 




Life Sciences Lab to Spacelab 

88 



Spacelab to Shuttle 




LEVEL 2 - LABORATORY HARDWARE 




EU 50/51/70 

354 

141 


EU 80/91/93 

1421 

217 


* SPARES 




Initial Spares 

63 


177 i 

^ Consumption Spares 




LAB SYSTEM TEST 




Engineering Test Operations 

47 



Test Hardware 

135 



♦system ENGR’G/SYSTEM INTEG 




EU - EU 

78 



Man-EU 

78 



* FLIGHT OPERATIONS 




Launch Operations 



0 

Mission Operations 



0 

Refurbishment 



2835 

*MGMT& ADMIN (*ITEMSONLY) 

20 

0 

151 

*FEE (*ITEMSONLY) 

34 

0 

253 
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TABLE 3-7. SPACE SHUTTLE /SPACE LAB LIFE SCIENCES 
30-DAY DEDICATED LABORATORY PAYLOAD 

WES LEVEL a EQUIPMENT UNIT SUMMARY ^K$) 


BIOSCIENCE & BIOMEDICAL LAB EU‘S 

CORE EU'S Non-Rccurrlng ReourrinK Produc ton Total 


EU 1 

Vis. Records & Microscopy 

412 

191 

603 

EU2 

Data Management 

483 

191 

674 

EU 3 

LS Experiment Unit 

403 

96 

499 

EU 4 

Preparation & Preservation 

1418 

222 

1640 

EU5 

Biochem & Hiophys. Analysis 

1413 

564 

1977 

EU 6/7 Maint/Repair/Storage 

243 

53 

296 



4372 

1317 

5689 


BIOSCIENCE & BIOMEDICAL COMMON EU’S 


EU 40/41/42 Vertebrates 

3019 

352 

3371 

EU 60/61 Cells & Tissues 

126 

135 

261 

EU 26 Radiobiology Support 

332 

74 

406 


3477 

561 

4038 


BIOMEDICAL LAB EU 




EU 12/31 Behav. Support 

1092 

301 

1393 

EU 23 Bioresearch Centrifuge 

1263 

315 

1578 

BIOSCIENCE LAB EU'S 




EU 50/51/70 Plants & Invertebrates 

354 

141 

495 

EU 80/91/93 Life Sup/Behavioral 

142;: 

217 

1638 


1775 

358 

2133 

.BIOMEDICAL EMPHASIS 
LABORATORY 

10204 

2494 

12698 

BIOSCIENCE & ADVANCED 
TECHNOLOGY LABtLtATORY 
COST b 

1776 

358 

2133 ; 

1 
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Figure 3-4. 30-Day Dedicated Biomedical Emphasis Laboratory - 
WBS Level 1 - Recurring Operations. 









TABLE 3-8 


TYPICAL EU COST SUMMARY - 
EU 4 - PREPARATION AND PRESERVATION 







1 Tocts. $k 






Non- 

Rec-Pi*od 

, 


£1* 

NAME 


QTY. 

Rec. 

(Unit) 

; Total 

NOTES 

14 

AneattieUrer, Invert* 


1 

t 

4 

6 

ERR 1630, CER <t Vendor Cost 

IS 

Glove Bax 


1 

19 

2 

81 

SSPDA CER & Vendor Cost 

ISA 

Glove Bax labors 


60 

5 

<.l 

7 

ENG ROM 

18B 

Glove Box Insert - Radioclvomical 


1 

- 

- 

- 

Deleted. Badges eliminate need for 
inserts. 

41 

Centrif. EriK. Hl-Spd 


1 

124 

7 

131 

SSPDA CER 8 Vendor Cost 

44 

Chemicals 


1 

2.4 

.2 

3 

t 

44A 

CKomicals - KacUoactlvo 


1 

2.4 

.5 

3 

t 

48 

Cleaner, Vacuum 


1 

46 

2 

48 

MDAC Study It Vendor Cost 

70 

Electrophoresis, Appar. 


1 

45 

S 

48 

SSPDA CER & Vendor Cost 

77B 

Preezor, Cryo 


1 

los 

20 

125 

I^ramotric detailed manloading 

81 

Freezer, Lo Temp 


1 

122 

12 

134 

SSPDA CER 

83 

Frig. 


_ __ . 

65 

5 

70 

SSPDA CER 

105 

Kit, Bench Chom. Anal. 



74 

6 

80 

A 

106 

Kit, Hematology 



74 

6 

80 

A 

103 

Kit, Histology 


1 

8 

.7 

9 

A 

110 

Kit, Microbiology 


1 

17.7 

1.5 

19 

A 

114A 

Kit, MicroUls&ecUon 



13 

1 

14 

A 

121 

Mass Mess. , Macro 


1 

(300) 

8 

8 

Refurbish existing SlQ lab backup unit. 
GFE. New unit cost - $84K. 

^ 12^’ 

Mass Moas. , Micro 


1 

* (225) 

5 


Refurbish existing Sk> l;ib backup unit. 
GFE. New unit cost - $50K. 

126A 

Microscope, Dissecting 


1 

1 

2 

3 

Vendor Cost. 

159 

Stain Sys. , Bacteriological 


1 

aoo) 

13 

13 

Use unit developed for Skylab 
by Beckman. GFE. 

179 

Temp. Block 


2 

15 

.5 

16 

SSPDA CER & Vendor Cost 

186 

Volumetric Mess. , tiq. 


1 

(300) 



Use unit developed for ASTP, GFE, 


TOTAL Ets 


741 





Struoture/Mechanical Supports 



37 


62 

SSPDA CER 


Electrical Power, Cabling, Data Handling 


’ - 


- 

Suppliod by Spacelab. 


Systems Test: Hardware 

® 1 







Operations 

102^ 

Total 

122 


122 



Refiirbishmont 

20 1 



H|H| 




System Engineering li Integrstion 



274 

- 

874 



OSE 



77 

- 

7T 



Management h Administration 



62 

10 

78 



TOTAL 



1313 

212 

1526 



Fee 




10 

115 

1 


TOTAL 

1418 

222 

1640 

1 


A NASA Skyltb dotnllod etUmato. 




1-24 







I 


TABLE 3-9 

30-DAY DEDICATED LABORATORY PAYLOAD EQUIPMENT ITEMS 
Wmi NON-RECURRING COOTS ABOVE $100K 


NO. 

EU 

El 

NAME 

NON-REC.* 

K$ 

1 


99 

COMMON HOLDING UNIT 

1544 

2 

23 

43 

BIORESEARCU CENTRIFUGE 

977 

3 

80 

115F 

LSS TEST BENCH 

670 

4 

41 

28A 

CAGE, MONK, MACAC 

615 

5 

5 

89 

GAS ANALYZER, GC COMPLEX 

276 

G 

91 

144C 

PSYCHOMOTOR, PERF. CONSOLE 

233 

7 

12 

51D 

CONT. CONSOLE, EXPMTR. 

233 

a 

40 

30A 

CAGE, RAT/HAMP/QUAIL 

224 

9 

26 

150 

RADIA ITON SOURCE OT'ORAGE 

208 

10 

1 

38A 

CAMERA, X-Y DRIVE 

200 

11 

60 

98A 

HOLDING UNir, PLAm' 

184 

12 

5 

148 

BENCH, GEN. EXP. 

148 

13 

2 

63B 

DISPLAY KEYBOARD 

128 

14 

4 

41 

CENl’RIFUGE, FRIG. IH-SPEED 

124 

15 

4 

81 

FREEZER, LOW TEMP. 

122 

16 

4 

77B 

FREEZER, CRYO 

105 

17 

5 

91 

GAS ANALYZER, MASS SPEC. 

100 


♦THESE COSTS DO NOT INCLUDE EU LEVEL COOTS, I.E. , S\'OTEM TEST, 
SE&I, GSE, M&A, & FEE. 
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TABLE 3-10 

30-DAY DEDICATED LABORATORY PAYLOAD EQUIPMENT ITEMS 
WITH RECURRING PRODUCTION UNIT COSTS ABOVE $50K 


NO. 

EU 

El 

NAME 

REC-PROD 

$K 

1 

23 

43 

BIORESEARCH CENTRIFUGE 

277 

2 

5 

91 

GAS ANALYZER, MASS SPEC. 

100 

3 

1 

38 

CAMERA, VIDEO COLOR 

100 

4 

91 

144C 

PSYCHOMOTOR PERF. CONSOLE 

97 

5 

12 

51D 

CONT. CONSOLE EXPMTR. 

97 

6 

80 

115F 

LSS TEST BENCH 

86 

7 

41 

28A 

CAGE, MONK, MACAC 

84 

8 

4 

186 

VOLUMETRIC, MEAS. UQUID 

75 (GFE) 

9 

5 

7 

GEMSAEC 

75 (GFE) 

10 

26 

150 

RADUTION SOURCE STORAGE 

60 

11 

- 

99 

COMMON HOLDING UNIT 

55 

12 

5 

85 

GAS ANALYZER, AUTO PHYSIO. 

50 (GFE) 

13 

12 

153A 

ROTATING LITTER CHAIR 

50 (GFE) 

14 

31 

76M 

ULTRASONASCOPE 

50 (GFE) 


♦THESE COSTS DO NOT INCLUDE EU LEVEL COSTS, I.E. , SYSTEMSTEST, SE&I, 
GSE, M&A, 6 FEE. 
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3.3.2 ANNUAL FUNDING REQUIREMENTS. Funding spreads were generated only 
for the Biomedical Emphasis Laboratory and are shown in Figure 2-2 in conjunction 
with the schedule. Idealized cost distribution curves, as defined in NASA Data Re- 
quirements MF003M18, March 18, 1973, were used. The cost distribution curve 
selected for the non-recurring and recurring production phases is based upon 60 
percent of the funds expended at 50 percent of the program time . This distribution 
has historically been found reasonable because it reflects the manpower buildup 
early in a program and the talJoff toward the end. 

The SRT development items were funded separately because of their earlier start and 
then combined with the other development items to obtain the total non-recurring fund- 
ing spread. Figure 3-5 shows the cost distribution curves for cumulative funding 
requirements. 

3.4 COST REDUCTION GUIDELINES 

There are several cost reduction areas that should be emphasized in addition to 
making maximiun use of commercial equipment technology. The first and most im- 
portant is the use of cost performance trade studies, together with a design to cost 
approach. Historically, the performance requirements for a design have been 
established with minimum if any consideration for their effect on cost. Due to this, 
large cost penalties are incurred for small or unnecessary increases in performance. 
In the design to cost approach, a balance between performance and cost is accom- 
plished. fix order to achieve a low cost program, the marginal cost increase to 
achieve a given change in performance must be known. Figure 3-6 shows a general 
cost-performance relationship with thresholds and goals established. These thresh- 
olds and goals must be set by the cognizant engineers and scientists so that different 
configurations can be analyzed to arrive at a cost/performance relationship. To 
control the total program costs, a "design to cost" approach is recommended. This 
approach should be used during the development and production programs in conjunc- 
tion with a broad range of technical tradeoff options built in as a means of cost control. 
These cost control approaches should include limitations on cost escalation witii 
specific items or systems subject to removal from the program if the price rises 
beyond set limits. This type of costing approach has been successful in military 
programs and is being Incorporated into the European SPACE LAB development 
program. 

An area which resulted in Ugh costs on past programs is frequent design criteria 
iterations. This causes redesign and retesting in many cases, with consequent 
schedule and cost impacts. Design criteria, once established, should not be changed, 
even if some performance degradation will result. Similarly, if interface parameters 
are not firm until late in a program, there will be a similar effect resulting in large 
cost increases. These criteria, therefore, should be firmly established early in a 
program and limited as to change. 
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Figure 3-5. Cumulative Rinding. 
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SPACECRAFT ENVIRONMENT 
SCHEDULE, ETC. 

Figure 3-6. Cost Performance Relationship. 

Significant cost reductions can be achieved in tlie area of reliability relaxing re- 
quirements in areas where crew safety is not Involved. Payload reliability require- 
ments can be further reduced because of the many flight opportunities in the mission 
and the capability to do on-board maintenance. The use of off-the-shelf and custom 
commercial equipment tvith inherent high reliability will also tend to reduce costs 
associated with reliability. 

Commonality of equipment associated with the various scientiHc disciplines scheduled 
for the Shuttle/SPACELAB operation provides an opportunity for cost savings. Equip- 
ment such as cameras and recorders are likely candidates for this cost reduction. 
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SECTION 4 


1 COMPARISON OF PREVIOUS AND NEW LIFE SCIENCES LAB COSTS 

I 

5 

r 

f The previous life Sciences Payload Definition and Integration Stucty (Task C&D), 

included a cost analysis of a 30-Day Dedicated Life Sciences Laboratory. A summary 
^ comparison of these previous costs and the new costs generated in this study is 

shown in Table 4-1. 

TABLE 4-1. SPACE SHUTTLE/SPACELAB LIFE SCIENCES 
30-DAY DEDICATED LABORATORY PAYLOADS 

BIOMEDICAL EMPHASIS LABORATORY 

TOTAL COSTS. $K 
PREMOUS NEW 


EU 1 

3904 

603 

EU 2 

739 

674 

EU 3 

576 

499 

EU4 

6424 

1640 

EU 5 

3867 

1977 

EU 6 

176 

37 / 

296 

EU 7 


TOTAL CORE 

15723 

5689 


EU 40 

5210 ; 


EU 41 

450 > 

3371 

EU 42 

636 j 



EU 12 

572 

V 

1393 

EU 31 

1032 

EU 60 

20 

) 

261 

EU 61 

2 

EU 26 

417 


406 


EU 23 

400 

1578 


24455 

12698 


NOTES: The above previous costs are based on the GDCA task C&D stuc^ results. 
The totals are updated to reflect the changes in quantity as established Iqr the L.S. 
Working Group in August 1973. 


PRECEDING PAGE BLANK NOT FILMED 
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A comparison of the costs at the total laboratory level was not possible because of 
the different ground rules in effect for the two studies. The only reasonable compari- 
son was at the WBS Level 3, which includes the total EU development. The prior 
stu(ly totals were updated to reflect equipment item inventory changes made by the 
Life Sciences Working Group in August 1973. 

Table 4-2 shows the cost differences and categorizes the reason for the changes. The 
largest percentage change (22 percent) was due to scope changes in the equipment 
items. This includes items whose complexly was reduced and also those which were 
treated from a low cost approach. 

Sl^lab and other NASA program -developed items reduced the costs by 17 percent. 
Other programs included ASTP, ARC and JSC independent development areas. A 
more detailed estimating approach resulted in 9 percent cost reduction. These were 
equipment items for which more detaile*^ engineering information was available, 
thereby permitting a better estimate. 

TABLE 4-2 

COST COMPARISON OF DEDICATED UFE SCIENCES LABORATORIES 

(NAS8-2S150 vs. NAS8-30288) 


NAS8-29150 (PREVIOUS) 

$24. 5M 

NAS8-3028S (NEW) 

$12. 7M 

COST DIFFERENCE EXPLANATION 


EQUIPMENT ITEM 
SCOPE CHANGE 

22% 

8KYLAB DEVELOPED 

10% 

OTHER NASA DEVELOPED 

7% 

MORE DETAILED ESTIMATE 


TOTAL REDUCTION 

48% 


> 
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4.1 DETAIL EQUIPMENT ITEM COST COMPARISONS 


This section contains a tabularion of all the equipment item costs grouped into die 
appropriate EU. Tables 4-3 through 4-15 present bodi the old and new costs at the 
WBS Level 3. The new costs also include the WBS Level 2 costs. 
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TABLE 4-3. EU #1 - VISUAL RECX)RDS AND MICROSCOPY 
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TABLE 4-4 

Ell #2 - DATA MANAGEMENT 


EU# 

El# 

NAMi: 

NOTES 

QTY. 

OI,D COSTS, $K 

NEW COSTS, 

$K 

HBSBi 

Unit 

Total 

IVv. 

Unit 

rotal 

2 

141 

Antennas, Assorted 


B 

20 

1 

21 

— 

.5 



51 

Computer, Digital 


B 


- 

- 

■ 

- 

■ 


66A 

Data Mgmt. Sys. Buses 


B 


- 

- 

■ 

- 

■ 


58A 

Data Mgmt. Sys. 


n 

■ 

- 

- 

- 


- 


58B 

Data Mgmt. Sys. 


B 

B 

- 

- 

- 

- 

- 


63B 

Display Keyboard 


B 

50 

30 

80 

128 

43 

171 


64 

ECG Coupler 


12 

5 

■I 

17 

10 

MSM 

24 


65 

EEG Coupler 


4 

5 

■1 

9 

10 

D 

15 


f)G 

EMC Coupler 


6 

5 

1 

11 

10 

D 

17 


132 

Oscilloscoix* 


1 

ISO 

mgm 

170 

54 

mgm 

69 


138A 

Photocells 


12 

7 

H 

19 

- 


- 


138B 

Photo transistor (PLR) 


D 

7 


19 

10 

IB 

24 


143G 

Coupler -Press. Transducer 


4 

5 

1 

9 

10 


15 


150D 

Receivers, dc-5MHZ 

Scope change 

1 

200 

10 

210 

27 


34 


153 

Recorder, Voice 


1 

30 

5 

40 

11 

M 

16 


15G 

Signal Cond. Coupler 


35 

15 

3 


10 

1 

45 


176 

Tape, Video 


1 

0 

n 


0 

<.i 

0 


180 

Timer, Event 


2 




0 

.2 

.5 


1811 

Transducer, Pressure 


9 



10 

0 

2 

18 



TOTAL 


507 

232 

739 

mm 

169 

450 

Systems Test 





34 

- 

34 

Systems Engineering & Integration 





BB 

- 

47 







B 

- 

64 

Management & Administration 





s 

8 

“^29' 

Fee 






■ 

14 

50 

EU #2 TOTAL 

607 

232 

739 

483 

191 

674 

































































EU #3 - LIFE SCIENCES EXPERIMENT UNIT 
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TABLE 4-6 

EU #4 - PREPARATION AND PRESERVATION 







OLD COSTS, $K 

Ni:w COSTS, 

$K 

EV# 

El# 

NAMi: 

NOTES 

QTY, 

Dev. 

Unit 

ToUll 

Dov. 

Unit 

Total 

4 

14 

Aneathetizer, Invert. 


1 

35 

5 

40 

2 

4 

6 


18 

Glove Box 

Scope change 

1 

2000 

25 

2025 

19 

2 

21 


ISA 

Glove Box Liners 


Scope change 

60 

100 


160 

5 

<.l 

7 


18B 

Glove Box Insert - 

Deleted 

1 


6 

6 






Kad.Chcm. 










41 

Cratrlf. Frig. Ki-5pd 


1 

175 

25 

200 

124 

7 

131 


44 

Chemicals 

fikylab 

1 

100 

10 

no 

2.4 

.2 

S 


«MA 

Chemicals - Radioactivo 


1 

- 

10 

10 

2.4 

.5 

3 


48 

Cleaner, Vacuum 


1 

200 

50 

250 

46 

2 

48 


70 

Electrophoresis, Appar. 


1 

50 

5 

55 

45 

3 

48 


77B 

Freezer, Cryo 


1 

500 

25 

525 

105 

20 

125 


81 

Freeze r, Lo Temp 


1 

200 

10 

210 

122 

12 

134 


83 

Frig. 


1 

50 

5 

55 

66 

5 

70 


105 

Kit, Bench C hem. Anal. 


1 

100 

10 

110 

74 

6 

80 


106 

Kit, Hematology 


1 

* 7 

1 

8 

74 

6 

80 


108 

Kit, Histology 


1 

20 

3 

23 

8 

.7 

9 


110 

Kit, Microbiology 


1 

40 

5 

45 

17.7 

1.5 

9 


114A 

Kit, Miorodlssectlon 

• 

1 

40 

5 

45 

13 

1 

14 


121 

Mass, Meas. , Macro 

Skylab 

1 

20 

10 

30 

(225) 

5 

1 

5 


122 

Mass, Meaa., Micro 

Skylab 

1 

2000 

20 

2020 

(300) 

8 

8 


126A 

Microscope, Dissecting 


1 

10 i 

1 

5 

IS 

1 

2 

3 


159 

Stain Sya., Bacteriological 

Skylab 

1 

400 

20 

420 

(100) 

13 

13 

* 

179 

Tamp. Block 

1 

2 


1 

7 

15 

.6 j 

16 


186 

Volumetric Meaa. , Llq. 

ABTP developed 

1 

60 J 

5 

55 

(300) 

75 

76 



TOTAL 



6102 

S22 

6424 

741 

177 

918 


Struct 

ure/Meohanical Supports 






37 

25 

62 

Syitoms Teat 






122 

- 

122 

Q^atema Engineering It integration 






274 

“ 

274 

QBE 







77 

- 

77 

Management It Administration 






62 

10 

72 

Fee 







106 

10 

115 

EU H TOTAL 

6102 

322 

6424 

1418 

222 

1040 
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TABLE 4-7 

EU #5 - BIOCHEMICAL AND BIOPHYSICAL ANALYSIS 


EU# 

El# 

KAME 

NOTES 


OLD COSTS, SK 

NEW COSTS. 


QTY. 

Dov. 

Unit 

lotal 

Dev. 

Unit 

Total 

S 

6 

Air Particle Sample Coll. 


1 

28 

4 

32 

11 

1 

12 


7 

GEMSAEC 

OFE, JSC Dev. 

1 

700 

100 

800 

a75) 

75 

75 


50A 

Commutator, Gas Mnfld 


1 

200 

20 

220 

20 

1.7 

22 


54 

Counter Colony, Manual 


1 

10 

2 

12 

2 

• 5 

2.5 


76L 

Flhrometer. Blood Clot 


1 

100 

10 

110 

47 

3.4 

50 


85 

Gas Analyzer, Auto Physio. 

GFE, JSC Dev. 

1 

200 

50 

250 

(200) 

50 

50 


89 

Gas Analyzer, GC Complex 


1 

850 

120 

970 

276 

83 

359 


91 

Gas Analyzer. Mass Spec. 

VUdngMod. 

2 

800 

100 

1000 

100 

100 

300 


125B 

Meters, Assorted 


4 

150 

1 

154 

4 

1 

8 


125C 

Meter, ACTS 


1 

3 

1 

4 

.5 

.5 

1 


138 

pH Meter 


1 

150 

20 

170 

90 

26.5 

117 


137 

Sound Level Meter 


1 

30 

5 

35 

10 

6 

16 


ISA 

Atmospheric, Manifold Sys. 


1 

i 

- 

- 

13 

3.5 

17 


19 

Bench, Gen. Exp. 


1 

100 

10 

110 

146 

27 

175 


1 TOTAL 


3321 

546 

3867 

720 

485 

1205 

Struoture/Mechanlcal SupportB 






31 

21 

52 

Systems Test 






116 

- 

116 

Systems Engineering & Ihtegrstlon 






187 

- 

187 

G8E 







' 192 

- 

192 

Manegement It Administration 






62 

25 

87 

Fee 







105 

33 

138 

j EU #5 TOTAL 

3321 

546 

3867 

1413 

564 

1977 


1-38 


> 


S 






A 


« ■ . 






TABLE 4-8 

EIT #6/7 - MAINTENANCE/REPAIR/STORAGE 


EU# 

E.I# 

NAME 


OLD COSTS. $K 1 

NEW COSTS, 

i?K 

OTY. 

Oov. 

UrU 

TotM ' 

Pov. 

Pnit 

rotal 

6 

16E 

Bags, Plastic Permeable 

250 

0 

0 

0 

3.4 

3.8 

7 


49A 

Hand Wipes. BotruhTie 

250 

5 

1 

6 

2.4 

2 

4 


SOB 

LSPS Compactor. Solids 

1 

14 

2 

16 

5 

1 

6 


106A 

Kit, Cleanup 

1 

5 

1 

6 

40 

4 

44 


109 

Kit, Linear Mea 8. 

1 

0 

0 

0 

1 

.1 

1 


HOB 

Kit, Org. Hold. & Mgmt. 

1 

25 

3 

28 

13 

1.1 

14 


113 

Kit, General Tool 

1 

40 

5 

45 

16 

1.4 

17 


165 

Sterilizer, Tool 

1 

40 

10 

50 

5 

1 

6 


168A 

Tags, ID, Organism 

2 

0 

0 

0 

0 

0 

0 


181G 

Trash Can 

1 

10 

1 

11 

2 

.5 

3 


185 

Voltmeter (DVM) 

1 

12 

2 

14 

22 

4 

26 



EU #6 TOTAL 


151 


17G 

110 

18 

128 


45 

Chemical Storage Cabinet 

1 

20 

10 

30 

22 

12 

34 


167B 

Storage, General 

1 

1 

4 

5 

3 

2 

5 


167C 

Storage, Film 

1 

1 

1 

2 

3 

1 

4 



EU #7 TOTAL 


22 


37 

28 

15 

43 



TOTAL EU #6 L EU #7 


173 

40 

213 

138 

33 

171 

Struc 

ture/Mechanlcal Supports 





19 

13 

32 

Systems Test 





14 

- 

14 

l^atems Engineering & Integration 





26 

- 

26 

GSE 






17 

- 

17 

Management t Administration 





11 

2 

19 







18 

4 

22 

EU #6/7 TOTAL 

178 

40 

213 

243 

53 

296 
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TABLE 4-9 

EU #12/31 - BEHAVIORAL SUPPORT 
BIOMEDICAL SUBLAB ONLY 


£U# 

Ein 

NAME 

NOTES 

QTY. 

OLDCaSTS. $K 1 

NEW COSTS, 

$K 

Dov. 

Unit 

ToUll 

Dev. 

Unit 

rotal 

12 

51D 

Cont. Console Expmtr. 


1 

150 

50 

200 

233 

97 

330 


65B 

Eloctrophysiolo^ry Backpack 


1 

100 

25 

125 

27 

6.6 

34 


65C 

Electropl^ioloK)* Receiver 


1 

100 

25 

125 

38 

11 

49 


144B 

Psychogalvanomcter GSR 

Part of RI C5B 

2 

1 

1 

2 

- 

- 

- 


153A 

Rotating Litter Chair 

Skylab, GFE 

1 

20 

100 

120 

(300) 

50 

50 



EU #12 TOTAL 



371 

201 

572 

298 

165 

463 

21 

18C 

Exercise Physiology Equip. 

Skylab, GFE 

1 

5 

5 

10 

(S39) 

18 

18 


76K 

Flowmetor, Doppler 


2 

5 

1 

7 

10 

.4 

11 


HOC 

Kit, Plysiology 


1 

100 

10 

110 

19 

2 

21 


125P 

Metabolic Analyzer, Fixed 

GFE 

1 

20 

100 

120 

(379) 

5 

5 


139 

Plethysmograph, Limb 


1 

10 

10 

20 

37 

1 

38 


181B 

Transduoer-Plethysmo . 

Part of El 139 

4 

35 

5 

55 

- 

- 

- 


182J 

Coupler, Vectorcardiograin 


1 

5 

1 

6 

10 

1 

11 

) 

76M 

Ultrasonoscope 

ARC» GFE 

1 

500 

4 

504 

(400) 

50 

50 


117 

LBNP 

COorlab, GFE 

1 

100 

100 

200 

(181) 

18 

18 



EU #31 TOTAL 


780 

252 

1032 

76 

96 

172 

1 EU #12/31 TC3frAL 

1151 

453 

1604 

374 

^61 

635 


Stniotura/Mechanioid Supports 




■■ I 1 


19 

IS 

32 


S^rstems Test 






146 

- 

146 


QystemB En^lneeriDg ft Intasratlon 






320 

- 

320 


OSE 







104 

- 

104 


MtnAfsmeDt ft Administration 






48 

IS 

61 


Fee 







81 

14 

95 



EU #12/81 TOTAL 



1151 

453 

1604 

1092 

301 

1393 


«HEW El NUMBER. 
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TABLE 4-11 

BIOMEDICAL & BIOSCIENCE SUBLAB 
EU #40/41/42 - VERTEBRATE HOLDING & SUPPORT 






OLD COSl'S, $K 

NEW COSTS. 

$K 

EU# 

El# 

NAME 

QTY. 

Dev. 

Unit 

Total 

Dev. 

Unit 

Tot.ll 

40 

30A 

Cage, Rat/Hamp. /Quail 

16 

100 

1 

116 

224 

3.2 

275 


76H 

Flowmeter, Coupler 

le 

20 


52 

5 

.1 

6 


76F 

Flowmeter, Manifold 

16 

1 

1 

17 

20 

.6 

27 


103 

Holding Umt, Small Vert. * 

2 

5000 

10 

5020 

1544 

55 

1654 


118D 

Manifold, Organism, H^O 

1 


5 

5 

15 

.7 

16 



EU MO TOTAL 


5121 


5210 

1808 

170 

1978 

41 

28A 

Cago, Monk Macac 

2 

400 

25 

450 

615 

51 

717 

42 

115 

Kit, Veterinary 

1 

75 

10 

85 

35 

3 

38 


150B 

Receiver, Exg. Cage Mod. 

2 

400 

20 

440 

21 

5 

31 


155A 

Senaor, Implanted 

12 

1 

1 

13 

1 

.6 

7 


177 

Temperature Sensors, Body | 

32 

1 

1 

33 

1 

.5 

17 


181C 

Xdcer, Blood Pres. 

6 

35 

5 

65 

2 

.5 

5 



EU #42 TOTAL 

, 1 

512 


636 

60 

38 

98 



EU MO/41/42 TOTAL El’S 


6033 

263 

6296 

2483 

310 

2793 


Systemt Teat 





37 

- 

37 


Syatoma Engineer Uig It Bitegratioii 





15 

- 

15 


08E 






118 

- 

118 


Management b Admlnlatratlon 





133 

16 

149 


Fee 






233 

_26 

259 

EU MO/41/42 TOTAL 

6033 

263 

6296 

3019 

352 

3371 


*Old Cost laoluded El 103, 30,98A, 98C 6 101. 
NOW Cost for thOM U approximately: 
Oevolopmeiit - 2.15M 
Unit - 220K 
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TABLE 4-12 

El #43 - BIORESEARCH CENTRIFUGE 

























































TABLE 4-14 

BIOMEDICAL 6 BIOSCIENCE SUBLABS 

































SECTION 5 


SUPPLEMENl'AL COST STUDIES 


5. 1 EQUIVALENT GROUND LABORATORY COMPARISON 

A comparison of SPACELAB IJfe Sciences equipment unit costs to a ground labora- 
tory of similar function was made for EU 1 and EU 5. The cost comparisons are 
shown in Table 5-1 and Ta^le 5-2. A significant cost difference exists. One prime 
reason is that only 8 percent of the total cost is represented b>' non-rccurring costs 
for the gpround laboratory. For the space laboratory, the non-recurring costs 
represent 86 percent and 71 percent of the total cost for EU *4 and #5, respectively. 

Of these non-recurring costs, 45-50 percent is only due to performing system level 
tasks, which are almost non-existent for the ground based laboratory. 

The ratio of SPACELAB to ground lab costs is 103:1 for EU #4 and 16:1 for EU #5. 

The explanation lies in the equipment item mix for each EU. EU M has a large 
number of kits and items like freezers and mass measurement devices which are 
well developed and inexpensive in a 1-g application. EU #5, however, contains 
rather sophisticated high cost equipment like a clinical analyzer and mass spectrometer 
which drive its ground lab cost almost eight times tliat of EU #4. 

In conclusion, the SPACELAB costs increase can be attributed mainly to non-recurring 
development costs. A significant recurring unit cost difference also exists, but it 
varies in the complexity of the Individual items, and in some individual cases the 
differences are not great. 

5.2 SKYLAB EQUIPMENT APPLICABILITY 

As shown in Table 3-3, the costs of 23 percent of the equipment items were based on 
Skylab information. There are several areas where equipment developed and flown 
on Skylab will meet the Life Sciences Laboratory' requirements, but a limited amount 
of hardware for future use is available. This generally consists of a bonded flight 
backup unit, qualification units, and training units in the principal investigator'.-' 
laboratory. 

In many cases, refurbishment of an available unit was assumed possible wit' the re- 
mainder of the units providing a backup capability. However, it must be recognized 
that a limit of the spares for future operations does exist. New production of Skylab 
items was assumed for certain items. Two categories of items must, however, be 
considered for this. 


\ 
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TABLE 5-1 


EQUIVALENT GROUND LABORATORY/SPACE LABORATORY EU COMPARISON 

EU #4 


El 

Equivalant Ground Laboratory 

Qty 

Cost, $ 

Space Laboratoiy 

14 

Anesthetizer, Invert. 

1 

400 


18C 

Gb ve Box (Interface Box) 

1'' 



18A 

Glove Box Liners 

60 I 

y 


18B 

Glove Box Insert - Radiochemical 

1> 

1 1400 


4.1 

Centrif. Frig, Hi-Spd 

1 

3300 


4^1 

Chemicals 

1 

500 


4^LA 

Chemicals - Radioactive 

1 

700 


48 

Cleaner, Vacuum 

1 

25 


70 

Electrophoresis, Appar. 

1 

300 

Development & 

77B 

Freezer, Cryo 

1 

200 

Unit Costs 

8;- 

Freezer, Lo Temp 

1 

1060 


88 

Frig. 

1 

150 


105 

Kit, Bench Chem. Anal. 

1 

300 


106 

Kit, Hematologj* 

1 

400 


1(»8 

Kit, Histology 

1 

200 


i;.o 

Kit, Microbiology 

1 

200 


U4A 

Kit, Microdissection 

1 

150 


121 

Mass, Meas. , Macro 

1 

200 


122 

Mass, Meas., Micro 

1 

800 


126A 

Microscope, Dissecting 

1 

909 


159 

Stain Sys, , Bacteriological 

1 

2000 


179 

Temp. Block 

2 

110 


186 

Volumetric Meas. , Liq. 

1 

200 



EQUIPMENT TOTAL 


13,495 

$918,000 


Prime Contractor Integration (10%) 


1,3491 

722,000 


Prime Contractor Fee (8%) 


1,180) 



TOTAL 


$15,934 

$1,640,000 


Space/Ground Lab Ratio 103:1 
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TABLE 5-2 


EQUIVALENT GROUND LABORATORY/SPACE LABORATORY EU COMPARISON 

EU #5 


El 

Equivalent Ground Laboratory 

Qty. 

Cost, $ 

Space Laboratory 

6 

Air Particle Sample Cell 

1 

200 


7 

Dupont 700 Automatic 





Clinical Analyzer 

1 

69500 


50A 

Commutator* Gas Manifold 

1 

600 


54 

Counter Colony, Manual 

1 

200 


76L 

Fibrometer, Blood Clot 

1 

500 


85 

Gas Analyzer, Auto Physio. 

1 

3790 


89 

Gas Analyzer, G. 0. Complex 

1 

1300 

Development & 

91 

Gas Analyzer, Mass Spec. (1) 

2 

20000 

Unit Costs 

125B 

Meters, Assorted 

4 

100 


125C 

Meter, AOTS 

1 

300 


138 

pH Meter 

1 

300 


157 

Sound Level Meter 

1 

3000 


15A 

Atmospheric, Manifold Sys. 

1 

200 


19 

Bench, Gen. Exp. 

1 

800 


18A 

Bench Liners 


50 



EQUIPMENT TOTAL 


101,140 

Si, 205, 000 


Prime Contractor Integration (10%) 


10,r4 , 

772,000 


Prime Contractor Fee (8%) 


8,900 : 



TOTAL 


$120,154 ! 

$1,977,000 


Space to Ground Lab Ratio 16:1 
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The first includes those items which were manufactured by commercial vendors. 

For these, it is considered quite feasible that the item can be produced again. Given 
the new low cost guidelines, the costs will probably be lower than Skylab's with the 
benefit of any applicable state-of-the-art advancement being included. 

The other category of items are those which were developed and produced by NASA, 
universities or prime contractors. Attempting to procure additional Skylab hardware 
through these will undoubtedly result in significant non-recurring costs if feasible at 
all. In all probability, the technical and production team which existed during the 
Skylab program hiis been dissolved. 

In summary, Skylab equipment applicability to the Life Sciences Laboratory must be 
investigated in denil based on the individual items under consideration. For certain 
items, the equipment available will satisfy the requirements while for others a cost 
tradeoff to determine the most viable approach is necessary. 

5.3 MULTI-INTEGRATION OPTIONS 

A brief analysis was made to assess the impact on recurring operations cost of al- 
ternate dedicated laboratory mission configurations. The following two options were 
considered: 

1. Change from BiomedictQ Emphasis Laboratory to Bioscience and Tech- 
nology Laboratory 

Remove EU 12/31 - Behavioral Support 
Remove EU 23 - Bioresearch Centrifuge 
Install EU 50/51/70 - Plants and Invertebrates 
Install EU 80/91/93 - Life Support & Behavioral 

2. The same as option 1 but not removing EU 23, the Bioresearch Centrifuge. 

The following breakdown of the removal and reinstallation percentage of 8.4 was 
applied. The breakdown is based on data from the RAM study. 

Experiment Removal . 55% 

Experiment Installation 2.25% 

Compatibility Verification 5. 6% 

In addition to these costs, a 2 percent allowance was made for integration activities 
to account for planning, scheduling, procedures, etc., of the EU changeout. All 
percentages were applied to recurring unit costs. 



The following recurring operations cost deltas are estimated: 

Two Flights 

Option 1 $115K 

Option 2 $ 76K 


Flight Total 

$1456K 
$ 972K 


These cost deltas represent a 4.1 percent and 2.7 percent increase in total estimated 
recurring opeiutions costs, respectively. 


f 


t 

I SECTION 6 

‘ WBS LEVEL 2 EU COST SUMMARY SHEETS 


This section presents all theEU equipment item summary sheets (Tables 6-1 through 
6-13) for the Biomedical Emphasis and Bloscience and Technology Laboratories. 
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TABLE 6-1 


EU #1 - VISUAL RECORDS & MICROSCOPY 



1 

1 COSTS, $K 







Hi 


NAME 

! 






Adapter, TV-Mlcroscope 


1 

0 


.5 

Skylab data. 

Camera, Cine 

1 

2 

10 

6 

22 

Vendor cost. 

Camera, 35 mm 


2 

0 

1 

2 

Vendor cost. 

Camera, Video, B/W 


mm 

1 

13 

27 

Vendor cost. 

Camera, Video, Color 


n 

0 

100 

100 

GFE, camera developed by Tele- 
communications Dev.Div. , JSC. 

Camera, X-Y Drive 


* 

200 

10 

220 

Vendor HOM. 

Film, 35 mm 


n 

0 

0 

B 


Filters, Video 


n 

0 

.5 

B 

Vendor & Scylab 

tog Books 


11 

.5 

.1 

B 

Engineering Estimate 

Microscope, Compound 


B 

2.0 

3.5 


Vendor cost 

Monitor, Video 


o 

12 

6 

18 

Vendor cost 

Video 1. 0. Date Time Sys. 


y 

- 

- 

■ 

Supplied as part of Spacelab 
Data Management System. 

Camera, Polaroid 


n 

0 

.5 

1 

B 

Vendor cost 

TOTAL Els 


■1 

H 

396 


Structure/Mechanical Supports 


yy 



10.4 

SSPDA CER 

1 Electrical Power. Cabling, Data Handling 

^y 

■1 

mm 

- 

Supplied by Spacelab. 

Systems Teat: Hardware 

WBM 



■■■■ 

30 


Operations 


Total 




Epiurbishment _ 















SjrBtem Engineeriag it Integration 
06E 

































rABLE G-2 


BIOMEDICAL & BIOSCIENCE SUBLABS 
EU #2 - DATA MANAGEMENT 


EI* 

— 

NAME 

141 

Antennas, Assorted 

51 

Computer, Digital 

HU 

Data Mgmt. Sys, Busos 


Data Mgmt. Sys. 

IB 

OaUi Mgmt. Sys. 

63B 

Display Keyboard 

64 

ECG Coupler 

65 

EEC Coupler 

66 

EMG Coupler 

132 

Oscilloscope 

138A 

' Photocells 

138B 

Phototransistor 

143G 

Coupler-Press. Transducer 

150D 

Receivers, dc-5MHZ 

153 

Recorder, Voice 

156 

Signal Cond. Coupler 

176 

Tape, Video 

180 

Timer, Event 

1811 

Transducer, Pressure 


TOTAL Els 


Structiire/Mochaiucal Supports 
Electrical Power, Cabling & Data Handling 

Systems Test; Hi^dware 

C^pe^tioiis 17 

HeKirbishinont 17 



Supplied by Spacelab. 



Total 34 



^ 

System Engineering & Integration 

G6E 

Management ft Administration 


TOTAL 


Fee 


TOTAL ^ 





























TABLE 6-3 

EU #3 - LIFE SCIENCES EXPERIMENT UNIT 






1 COSTS, $K 



£1# 

NAME 

QTYa 

Non- 

Rec. 

inoc-Prod 

(Unit) 

Total 

NOTES 


1 

Accdlerometer^ Activity 

3 

1.5 

.6 

3 

Vendor Cost 


lA 

Accelerometer Coupler 

3 

.5 

.1 

1 

Vendor Cost 


S&A 

Crew Mobility Aida 

6 

2 

.2 

3 

Skylab Data 


55B 

Crew Restraints 

3 

2 

.7 

4 

Skylab Data 


76J 

Flowmeter, Gas 

6 

13 

.8 

16 

• 


93A 

Gas Supply, Assorted 

6 

80 

6.3 

82 

ERR 1360 CER 


187A 

Waste Storage Device 

4 

20 

.5 

1 20.5 

ENG ROM 


143 

Power Condi tionin;' Equip. 

1 

64 

24 

88 

SSPDA CER Vendor Cost 


93C 


1 

50 

9 

s. 

• 


188 

Water Conditioning Equip. 

1 

25 

2.8 

28 

* 


1181 

-H 

Manifold Vacuum 

, , — 

1 

30 

6.9 

37 



— "" ' — 1 

TOTAL Els 

r— - — 

258 

85 

344 




Structurc/Meohanical Supports 


0 

0 

0 




Electrical Power, Cabling, Data Handling | 

1 

- 

- 


Supplied by Spacelab. 



Systems Test: Hardware 0 'j 

Operations IS y 

Refurbishment 8 J 

Total 

23 

- 

! 

23 




System Engineering it Integratton 


42 

- 

42 




08E 


32 

- 

32 




Management ft Administratloo 


18 

4 

22 



TOTAL 


373 

80 

462 



Fee 


30 

7 

37 



TOTAL 


1 403 

96 

499 



•SSPDA CER tor Unit Cost. 
Parametrio Detailed Maa- 
loadlne tor Development 
Coat. 




TABLE 6-4 



- Radioactive 
Vacuum 
rosis, Appar. 


77B Freezer, Cryo 

81 Freezer, Lo Temp 
83 Frig. 

105 Ut, Bench Chem. Anal. 

106 Kit, Hematology 

106 Kit, Histology 


110 Kit, Microbiology 
114A Kit, Microdissectton 
121 Mass Meas. , Macro 


122 Mass Meas. , Micro 

12 6A Microscope, Dissecting 
159 Stain Sys., Bacteriological 


179 Temp. Block 

186 Volumetric Meas., Liq. 



System EngiDeezing li Integration 
QSE 

Management Ir Administration 
TOTAL 


20 

125 

Parametric detailed manloading 

12 

134 

SSPDA CER 

5 

70 

SSPDA CER 

--- 

”so 

5 

6 

80 

A 


9 

A 

1.5 

19 

A 

1 

!•* 

A 

8 

8 

Refurbish existing Sk>*lab backup unit. 
GFE. Now unit cost - $84K. 

5 

5*^ 

Refurbish existing Sk>dab backup unit. 
GFE. New unit cost - $50K« 

2 

3 

Vendor Cost. 

13 

13 

Use unit developed for Skylab 
by Beckman, GFE. 


Structure/Meohanlcal Supports 



Electrical Power, Cabling, Data Handling 


Systems Test: Hardware 

° } 


Operations 

102,^ 

Totil 

Refurbishment 

20 J 




1-57 





















TABLE 6-5 

EU #5 - BIOCHEMICAL AND BIOPHYSICAL ANALYSIS 


COSTS. $K 


1 Et# 

1 

1 NAME 

QTY. 

j Non* 
Heo. 

Reo-Prod 

(Unit) 

Total 

NOTES 

r 

1 ^ 

Air Particle Sample CoU. 


1 

11 

1 

12 

SSPDA CEB li Vendor Coet. 

7 

CEMSAEC 

(General Medical Scienoee AEG) 


1 

(175) 

75 

75 

Unit being developed by JSC . GFE . 
Remaining cost - |175K. Non-Rec* 

W. 

Commutator, Qae Mnfld 


1 

1 

20 

1.7 

22 

Parametric Manloading Est. 

54 

Counter, Colony t Manual 


■H 

2 


^.5 

ENG ROM k Skylab ikto 

m. 

Flbrometer, Blood Clot 


H 

47 

3.4 

50 

88PDA CER 6 Vendor Cost 

85 

1 Gaa Analyzer, Auto Physio. 


H 


50 

SO 

Use unit developed by O'Rlon for JSC. GFE 

89 

Gas Analyzer, GO Comple.\ 



276 

83 

359 

MDAC CER & Vendor ROM 

91 

Gas Analyzer, Mass Spec. 


2 


100 

300 

Use modified Perkin Elmer Viking unit. 

USB 

Meters, Assorted 


4 

4 

1 

8 

ENG ROM 

1250 

Meter, ACTS 


1 

.6 

.5 

1 

Vendor quote li ENG ROM 

138 

pH Meter 



90 

26.5 

117 

SSPDA CER & Vendor Cost 

157 

Sound Level Meter 


1 

10 

_ ® _ 

16 

Vendor Quote k ENG ROM 

X5A 

Atmospberlo Manifold 8ys. 


B 

13 

3.5 1 

17 

Puamotrlo Manloedliig Estimta 

19 < 

! 

Bench, Gen. Exp. 


MM 

148 

27 

175 

SSPDA CER b ENG. ROM 


TOTAL El, 

720 

i 

485 

1205 


■ 

Struoture/Mechanical Supports 



31 

21 

62 

SSPDA CER 


Electrical Fewer, CablinSt Data Handling 


- 

- 


Supplied by Spacelsb. 

■ 

Systome Teat: Hardwaro 
(Dperatione 
Raftirbiehment 

m 


116 

- 

lie 


1 

System Engineering k IntegraUon 



187 

1 

187 


H 

08E 



193 

26 

192 


HI 

Managemont k Administration 



U-J53L- 

84 

1 

87 



TOTAL 

m 

531 

1839 

^ 



Fee 


- 

is 

1 

33 

138 

i 

1 — 


TOTAL 

h" — — 

1413 

564 

1977 

1 

1 

1 























I 




TABLE 6-G 

EU #6/7 - MAINTENANCE, REPAIR/STORAGE 


1 

EU# 

£1# 

NAME 


COSTS, 5K 

NOTES 

QTY. 

Non* 

Rec. 

Rec -Prod 
(Unit) 

Total 

6 

L6E 

Bags* Plastic Permeable 

250 

3.4 

3.8 

7 

5 NASA Skylab detailed estimate 


I9A 

Hand Wipes* Betudyne 

250 

2.4 . 

2 

4 

5 


SOB 

L8P8 Compactor, Solids 

1 

' 1 

1 

6 

Vendor Coat t ENG ROM 


LOeA 

Kit* Cleanup 

1 

40 

^ 1 

44 

5 


too 

Kit* Linear Meas. 

1 

1 

.1 1 

1 

A 


11 OB 

Kit* Org. Hold. & Mgmt. 

1 

13 

1.1 

14 

A 


113 

Kit* General Tool 

1 

16 

1.4 

i: 

A 


165 

Sterilizer, Tool 

1 

6 

1 

6 

Vendor Cost & ENG ROM 


168A 

Tags, ID, Organism 

2 

0 

0 

0 


) 

181G 

Trash Can 

1 

2 

.5 

3 

ENG ROM 


185 

Voltm«ter (DVM) 

1 

22 

4 

26 

SSPDA CER 



EU #6 TOTAL Sis 


110 

18 

128 


7 

15 

Chemical Storage Cabinet 

1 

■i 

22 

12 

34 

SSPDA CER 


167B 

Storage, General 

1 


2 

S 

] ENOROM 


167C 

Storage, Film 

1 

3 

.. i.__ 

L_1_J 

i 



EU #7 TOTAL Els 

28 

' 15 

1 

43 




TOTAL EU #6 t #7 Els 




138 

33 

171 




Structure/Mechanical Supports 


10 

»» i 

32 

i 

SSPDA CER 


Electrical Power* Cabling. Data Handling 



' 

i ” ' 

1 

i ■ 

Supplied by Spacelab 


^sterns Test: Hardware 

T 

1 


! 

0 



Operations 9 

Toua 

14 


14 



Refurbishment 5 







SystM fti^;iiieering li Integration 


26 

- 

26 



QB 


17 

- 

17 



■MB^nefat It Administration 


11 

2 

13 


r 


TOTAJL 


225 

49 

274 

1 




18 

4 

22 




I TOTAL 


243 

53 

296 



1-59 


' i 
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TABLE 6-7 

BIOMEDICAL SUBLAB ONLY 
EU #12/31 - BEHAVIORAL SUPPORT 






COSTS, $K 


EU# 

El# 

NAME 

QTY. 

Non- 
Re 0 . 

Rcc-Prod 

(Unit) 

Total 

NOTES 

12 

51D 

Cont. Console Expmtr. 

B 

233 

07 

330 

88PDA CEH 


65B 

Eleotrophyslology Backpack 

B 

27 

6.6 

34 

SSPDA CER li Vendor Coet 


65C 

Electrophj'siolofTV Receiver 

B 

38 

11 

49 

SSPDA CER It Vendor Cost 


144B 

Paychogalvanometrr GSR 

B 

• 

- 

- 

Included in El G5B 


I53A 

Rotating Litter Chair 

u 

(300) 

30 

50 

GFE. Rework Sk>dab Bonded Backup< 
New unit - $300K. 


EU #12 TOTAL 


298 

165 

r" — 

463 


i3i 

18C 

Exercise Pfayslolory Equipment 

B 

(339) 

18 

18 

GFE. Rework Sk>dab Unit. 


76K 

Flowmeter, Doppler 


10 

.4 

11 

NASA ARC Data 

1 

1 

HOC 

Kit, Physiology 

BB 

19 

2 

21 

Skylab Detailed Estimate 

! 

125P 

Metabolic Analyter, Fixed 

n 

(379) 

■MB 

S 

GFE. Rework Sc>’lab Bonded Backup. 

1 

139 

Plethysroograph, Umb 

D 

37 

Hj| 

38 

SSPDA CER It Vendor Cost 


161B 

Transduce r<>Plethysmo . 


- 


- 

Included in El 139. 

i 

182J 

Coupler, Vectorcardiogram 

mm 

10 

1 

11 

SSPDA CER 


76M 

Ultrasonoscope 

■ 

(400) 

50 

50 

GFE. Use Ames unit presently 
under development. 


117 

LBNP 

B 

(181) 

18 

18 

1 

GFE. Rework SIqrlab Bonded Backupj 


EU #31 TOTAL 


76 

96 

172 

:] 


TOTAL EU #12/31 Eli 

m 

374 

261 

635 




Btruoture/Meoiumical Supports 

■ 

19 

13 

32 

SSPDA CER 



Eleotrloal Power* Cabling* Dtta Handling 

B 

- 

- 

- ' 

Supplied by Spacclab. 


Test: Hardware 0 } 

— i5o- y 

RefiirbUitmient 26 J 

Total 

146 

- 

146 




Syetem Engineering L Integration 


320 

■BB 





QBE 


104 






Management k Administration 


48 




■ 


TOTAL 


1011. 

287 



■ 


Fee 


81 

14 

D 


□ 

TOTAL 

1091 

301 

1393 
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BiOMEinCAL AND BIOSCIENCE b ADVANCED TECHNOLOGY LABORATORY - COMMON 



V 


TOTAL I 1263 


















BIOMEDICAL AND BIOSCIENCE ft ADVANCED TECHNOLOGY LABOPJ^TORY - COMMON 



TOTAL 













TABLE 6-10 

BIOMEDICAL AND BIOSCIENCE & ADVANCED TECHNOLOGY LABORATORY - COMMON 
EU #40/41/42 - VERTEBRATE HOLDING & SUPPORT 


£IT« 

£1# 

NAME 

QTY. 

! COSTS, $K 


Nbn- 

Hec. 

Rec-Pro€ 

(Unit) 

Total 

NOTES 

40 

30A 

Cage, Hat/Hampe /Quail 

16 

224 

3.2 

275 

SSPDA CER 


76H 

Flowmeter, Coupler 

16 

5 

.1 

6 

* 


76F 

Flowmeter, l^C Manifold 

j 16 

20 

.6 

27 

1 * 


103 

Holdtng Unit, SnaU Vert. 

1 

0 

0 

0 

1 £I 103 replaced by El 99. 


99 

Common Holding Unit 

2 

1544 

1 55 

, 1654 

, SSPDA CER (L Manloading. 


118D 

Manifold, Organism, HaO 

1 


1 

• 7 

16 

i • 



2U #40 TOTAL Els 


1808 

170 

1978 


41 

1 

28A 

Cage, Monk Macao 

2 

615 

51 

717 

SSPDA CER 

42 

115 

Kit, Veterinary 

1 

35 

3 

38 

Skylab detailed estimate 


150B 

Receiver, Exg. Cage Mod. 

2 

21 

5 

31 

SSPDA CER 6 Vendor Cost 


155A 

Sensor, Implanted 

12 

1 

.5 

7 

] 

i 

177 

Temperature Sensors, Body 

32 

1 

.5 

17 

> ENG Estimate 6 Vendor Cost 

I 

181C 

Xdoer, Blood Pres. 

6 

2 

.5 

5 

) 



EU #42 TOTAL Els 

1 

— 

60 

38 

98 




EU #40/41/42 TOTAL EU 


2483 

310 

2793 




Struoture/Mechanical Supports 


0 

0 

0 




Electrical Power, Cabling, Data Handling 


- 

1 _ 

- 

Supplied by Spacelab 



Systems Test: Hardware 0 ') 



- 

- 

El 28A, 30A & 99 test costs 



Operations 6 L 

Total 

37 

• 

37 

included in their development. 



Reforblsbment 31 f 








System Engineering & integration 


15 

- 

15 

EI28A, 30A k 99 costs Included 



Q6E 


118 

- 

118 

in their development. 



Management L Administration 


133 

16 

149 




TOTAL 


2786 

326 

3112 




Fee 


"^233 

26 

"~25T" 

“ 



TOTAL 

L 


.3019 

352 

3371 



*Panmetitc Manloadlng 
Estimate for dovolopmont & 
SSPDA CEa for Unit Cost. 


1-63 


\ 

•s. 


V 


i 



TABLE 6-11 

BIOMEDICAL AND BIOSCIENCE & ADVANCED TECHNOLOGY LABORATORY - COMMON 



*Development Cost iiKsludod under EU 40 ($1544 K). 



BIOSCIENCE & ADVANCED TECHNOLOGY LABORATORY ONLY 



♦Development cost included under EU 40 ($1544 K). 








TABLE 6-13 



TOTAL 1421 I 217 i 1638 
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PART II 

DATA MANAGEMENT REQUIREMENTS STUDY FOR THE 
DEDICATED 30-DAY LIFE SCIENCES LABDRATORY 


SECTION 1 
INTRODUCTION 


This study \vas performed as an adjunct to the data management subsystem (DMS) 
study performed in the preceding Life Sciences Payload Definition and Integration 
(LSPD) Study (Task C & D), NAS8-29150, Reference 1. A brief summary of the 
previous study is continued below. 

1.1 SUMMARY OF LIFE SCIENCES PAYLOAD DEFINITION AND INTEGRATION 
STUDY (TASKS C & D) 

The purpose of the Task C & D DMS Study was: (1) to estimate the data management 
requirements of the life sciences laboratories being investigated, and (2) to de- 
termine whether *he SPACELAB, in which they were to be housed, contained suffi- 
cient DMS equipment for their support. The SPACELAB was referred to as the 
Sortie Module in the Task C & D study. At that time, the SPACELAB design in- 
cluded a mini-computer, a display and control console, and a digital control unit 
for controlling signals transmitted serially ttuoughout the laboratory on a data bus 
which could handle a maximum rate of 1000 kbps. All communications to ground 
were provided by the Shuttle Orbiter communications system, through the manned 
spaceflight network (MSFN). Long-term data storage was accomplished by on-board 
recording, using three magnetic tape recorders-one video recorder, and two 
general purpose analog or digital recorders. 

The life sciences laboratory requirements were estimated during Task C & D for 
3 laboratories. The largest (worst-case) laboratory was the 30-Day Dedicated 
Laboratory, which is the subject of the current study. For the equipment within 
the 30-Day Laboratory, the average sampled digital data output rate was approxi- 
mately 45 kbps, with a peak rate of approximately 90 kbps. Ihese rates could 
readily be handled ly the previously proposed SPACELAB data bus and the resulting 
data could be stored using the SPACELAB tape recorders. The requirements of 
the 30-Day Dedicated Laboratory in the area of video data recording, Iwwever, 
were quite large. Three recorders, in addition to those provided by SPACELAB, 
were needed to accommodate the video data . Also, approximately 1100 kg (2400 lb) 
of tape were needed for the 30-day mission duration. 



1.2 STUDY OBJECTIVES 


The current study was intended to further investigate the data management require- 
ments of die 30-Day Dedicated Life Sciences Laboratory. This included updating 
the digital data rates and video requirements per die reductions in the 30 -day 
laboratory equipment which were made by NASA's Life Sciencei^ Working Group 
subsequent to the Task C & D stu(fy. The current study was also intended to investi- 
gate the need for alternative data handling techniques. These included the use of 
manual versus automatic data handling and the use of downlinking versus on-board 
storage for the purpose of long-term data preservation. The current SPACELAB 
proposals utilize the Tracking and Data Relay Satellite (TDRS) for downlinking all 
data rather than on-board storage. Therefore, this mode of long-term preservation 
was die one primarily considered in this study. Because of the reduced equipment 
in the Dedicated 30 -Day Laboratory and the Increased capability of die current 
SPACELAB command and data management subsystem (CDMS), manual data handling 
techniques were not needed from the standpoint of reducing the load on the CDMS. 
However, the philosophy used in formulating the life sciences laboratory requirements 
was that of using manual techniques .whenever this was compatible with the equipment 
and such equipmen. was being attended to by a crewman. 



SECTION 2 

UPDATED SPACELAB DMS DEFINITION 


The SPACELAB ie currently being studied by two potential major contractors in 
Europe. Its detailed design and characteristics have yet to be finalized, and it is 
therefore not possible to determine the final properties of the Command and Data 
Management Subsystem (CDMS). The latest information on the design proposed by 
MMB/Convalr/Martln is described herein. A block diagram outlining the major 
features of the SPACELAB CDMS is shown in Figure 1. The following paragraphs 
contain a description of this system. 

Acquisition and distribution of low-rate sampled data is performed by two data 
buses, one for subsystems and another for payloads. 

The data buses interface with subsystem and psyload Instrumentation through multi- 
plexer-demultiplexer units (MDUs), each capable of transferrii^ data to and from 
up to *^56 channels each. Each bus consists of two shielded pair cables, one dedicated 
to command and data transfer to the MDUs, and the other dedicated to respnse and 
data transfer from the MDU. Each bus can transmit data at a rate of 1 Mbps. 

The bus controller in Figure 1 is a programmable digital sequencer, capable of 
generating synchronous patterns of commands for the MDUs and routing the incoming 
responses to the appropriate experiment. It drives the two bus es and distributes 
data to tte maintenance recorder, to the low-rate telemetry (25 Kb/s), and to the 
on-board computers. Dialogue between the bus controller and the on-board com- 
puters takes place on program-controlled input/output channels and on Direct 
Memory Access (DMA) channels. The bus controller also receives the 2 Kb/s 
command line from the Orbiter and routes the commands to tiieir destinations. 

Storage of low-rate data is performed by a maintenance recorder having the capa- 
bility to store selected bus data up to a rate of 1 Mbps. 

On-board processing is performed by two identical, general purpose computers, 
with a third included as a back-up. One computer i,; dedicated to subsys terns and 
the other to pa^oads. The advantac;e of such an arrangement is to keep payload 
software completely separate from that of subsystems and to allow the users 
(scientistB) to write their application programs freely, without having to worry about 
interferences with subsystem software. The following processing task will be 
handled by the payload devoted computer. 

- Experiment data handling 

- Experiment data processing 

- P/L housekeeping, status monitoring and checkout 

- Operator interface (via video terminals) 

- Supervision of P/L bus control. 




Figure 1. SPACELAB CDMS Block Diagram. 




The type of computer proposed for SPACELAB would be an existing process control 
computer which will be rehiilt and repackaged in a low ijower, low weight configura- 
tion. Its major characteristics will be similar to those shown below. 

Word length: 16 bits 

Instruction Set: 32 basic functions (including all four arithmetic 
operations), more than 200 variants 
Floating point: provided as an add-on to basic processor 
Memory speed 

- cycle time: 1 ^is 

- access time: 0.4 g.s 

- memory words: 48 k 

Physical characteristics (48 k by 16 bits core) 

- volume: r»5 dm^ (1. 9 ff ) 

- weight: 20 to 30 kg (44 to 66 lb) 

- power: SO watts (memory access rate: 500 kw/s) 

Osie computer recorder plus another for back-up will be carried on-board to store 
aU flight software, i.e., that which is to reside permanently in the core memories 
(for reloading), plus programs which do not normally reside in the core memories 
but are recalled dui'ing some mission phases. 

For high rate data acquisition and storage, hardlines are used to interconnect the data 
sources to the wideband digital and analog (including video) recorders or to the TDRS 
link to ground. Th:s data can also be routed to the computer direct memory access 
channels for processing. Equipment is available to multiplex and format high rate 
digital data into a serial bit stream of up to 30 Mbps (expandable to 50 Mbps). 

Since the TDRS coverage will not be continuous, but will l)e available for approximately 
. 85 percent of the time , the wideband digital recorders will be used to store the high 
rate data in between periods of transmission to ground. 

Another use of the recorders which may be applicable to the Dedicated 30-Day 
Laboratory is a mode of operation where low-rate data is recorded at low recorder 
speed and subsequently transmitted to ground at maximum recorder speed. This 
would avoid tying up the TDRS link for long periods at less than full utilization. The 
digital wideband recorders can be used to record data from the bus as well as from 
hardwired high rate sources if this is required. This also might be a preferable 
mode of operation for the Dedicated 30-Day Laboratory since very few high rate 
digital data sources are anticipated. 

The digital wideband recorders currently being considered for SPACELAB will be 
similar if not identical to the Odetics DDS-2200. The characteristics of this recorder 
are listed below. 


A 
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Data storage 
Tape length 
Tape width 
Data tracks 
Input data rates 
Record speeds 

Packing density 
per track 
Error rate 
Output data rate 
Output stability 
Reproduce speed 
Record powesr 
Reproduce rower 
MTBF 
Size 


Weight 


4 X 10^® bits 
2930 m (9600 ft) 

2.54 cm (1.0 inch) 

26 (plus 2 servo edge tracks) 

10/15/20/25/50 MB/S 
74.2/111/148/185/371 cm/sec 
(29.2/43.8/58.4/73/146 ips) 

5.2 KB/cm (13.2 KB/in. ), (Delay Modulation) 

1 in 10® 

50 MB/S 
l7o (Dejittered) 

371 cm/s (146 ips) 

35-40 watts (28 VDC nom) 

135 watts 
5000 hours 
Transport 

55 X 37. 5 X 16 cm (21. 7 x 14. 8 x G. 3 in. ) 
Electronics 

19. 5 X 19. 5 X 16 cm (7. 7 x 7. 7 x 6 . 3 in. ) 

29.5 kg (65 lb) 


At the lowest recording speed of 74.2 cm/sec (29.2 ips), a single 2,930 meter reel 
of tape would last approximately one hour. Playback of this data for downlinking 
would take only 13 minutes. 


Video or analog data are recorded on two Odettes VRS-3000 recorders. These have 
the following characteristics: 


Input signal DC - to 6 MHz 

SNR > 35 db 

Recording Time 30 minutes (for payload video) 

Power 90 watts 

Weight 25 kg (55 lb) 

Dimensions Transport: 

37.5 X 47.5 X 18.5 cm (14.8 x 18.7 x 7.3 in.) 
Electronics: 

18.5 X 47.5 X 18.5 cm (7.3 x 18.7 x 7.3 in.) 

MTBF i 5000 hours 

The SPACE LAB control and display (C&D) console provides for crew interaction 
with the CDMS. It provides the capability for monitoring and control of subsystem 




4 ^ 
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and payload operations, as well as voice and visual communications within the SPACE- 
LAB and between the SPACELAB and the Orbiter . The C&D console includes: 

Two independent alphanumeric display systems (?S cm CRTs) 

- Two independent alphanumeric functional keyboards 
TV monitor (13 x 18 cm display) 

A 2-axis joystick controller for CCTV camera control 
Digital readouts and timers 

- Microfilm viewer 
Intercom panel 

Subsystem and experiment -ledicated equipment 

- Caution & Warning display 

The 2 black and white closed circuit TV (CCTV) cameras will be similar to the Orbiter 
camera and can be plugged into connectors at various locations within the SPACELAB. 
They will have the following characteristics: 

- Diagonal field of view: Variable from 54* to 9“ 

- Iris variation: 10 to 1 minimum ratio, automatically controlled 

- Sensitivity: T.B.D. 

- Linear i.y: 5% maximum non-linearity 

Image characteristics: 525 lines per frame, 30 frames per second, 

60 fieMs per second, 2 to 1 interlace, 4 to 3 aspect ratio. 

Position control: Pan angle ± 170*, tilt ai^le +85' to -45* minimum. 



SECTION 3 


LIFE SCIENCES LABORATORY REQUIREMENTS 


3.1 SAMPLED DA'^A HANDUNG REQUIREMENTS 

The sampled data handling requirements for the major data generating equipment 
items aboard the Dedicated 30-Day Laboratory were estimated based upon the analysis 
of the data requirements of these iteiws ixtrformed during the LSPD Task C&D effort. 

In some cases, this data was updated based upon better information which became 
available on the ind'.vidual equipment items. The pertinent results of this work are 
summarized in Table 1. 

The table contains the name and number of each equipment item (E.I. ) and describes 
the r..oasurenent to be made. Continuous (24-hour) sampling of chta is required for 
some of the E.I.s and this is listed in the table in terms of the bits per second sampling 
rate. Also listed i.*-' the total daily estimated number of bits to be handled by the CDMS 
from each E.I. Tl'ese total daily values may bo made up of intermittent bursts of rela- 
tively high rate dau. or continuous low rate data. The sum of all these total daily 
values indicates the total preservation requirement for the Dedicated 30-Day Laboratory. 
In all cases, 100 percent preservation was assumed in the event that later data analysis 
on the ground was c'esirablc. Preservation can be accomplished ly either storing the 
data on*bo(ird or by downlinking all data to the ground. In the event that all data is 
stored or board (no: presently proposed for SPACELAB), a certain proportion 
would still have to be downlinked in order to satisfy the research requirements of the 
principal investigators. This proportion has been estimated for each equipment ite..i 
and entered in Tablo 1. This downlinking would generally not need to be in real time. 
The display required for each E.I. is indicated in the table and may include a numeric 
readout device, CRF, and a warning device. 

S3veral types of simple computer processing of the data are also qualitatively described 
in the table. These include wave form analysis, out-of-Iimits comparison, rate-of- 
change analysis, etc. Some wave form analysis wcild be desirable for the electro - 
piQrsiological signals, such as analysis of EGG sif,nals to obtain heart rate. Complicated 
wave form analysis such as the analysis of the Qi;£ complex of the EGG is not expected 
to be required on board. Such complex analysis would more likely be performed by the 
principal investigators on the ground. Another type of wave form analysis might be 
performed on the output of the gas chromatograph to determine peak heights versus 
time for the identlf: cation of various gaseous constituents. Out -of -tolerance mialysis 
would be performec on some signals in order to ensure that various parameters within 
ttialaboratory are being maintained within operational limits. 
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TABLE 1. DEDICATED 30-DAY LABORATORY SAMP 1 .ED DATA HANDLING REQUIREMENTS 
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TABLE 1 (CONT'D) 

DEDICATED 30-DAY LABORATORY SAMPLED DATA HANDLING REQUIREMENTS 
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The couplers (ECG, EEG & EMG) shown in Table 1 are Important murces of data. 
They are used to condition electropl^siological signals for input in the COMS MDUs. 

A total of 22 couplers are specified for the Dedicated 30-Day Laboratory. It was 
assumed that 16 of these couplers would be used only intermittently with an average 
use time of 10 minutes per day. This was based on the use times of these items 
developed during the ptovlous Task C&D contract (as were most of the sampling 
durations shown in Table 1 ). The remainder of the couplers, 6 in number, were 
assumed to be on continuously, as would be the case if these couplers were receiving 
signals from sensors permanently attached to organisms in the laboratory. This is 
an important assumption since electrophysiological data constitutes the major source 
of relatively high rate data to be handled within the Dedicated 30-Day Laboratory. 

Out of 21,786 bps total data rate which must be handled on a continuous basis, 21,000 
bps result from the assumed 6 continuously monitored electrophysiological couplers. 
Thus, changes in assumptions concerning electrophysiological data acquisition can 
produce major impacts on the life sciences laboratory data requirements. This 
statement applies not only to E.I.s 64, 65 & 66 but also to other electrophysiological 
data sources such as the electrophysiological receiver (EU 12, E.I. 65C), the vector- 
cardiogram coupler (EU 31, E.I. 172J), etc. Other potential sources of high rate 
data are the accelerometer couplers (EU 3, E.I. lA) but these will generally operate 
only intermittently. They are used to monitor accelerations experienced by human 
sul^ects undergoing various tests. They were estimated to be used only 1 hour per day. 

Another important type of data acquisition t}q)i 2 al of the life sciences laboratory is 
that associated with the holding units. For example, the small vertebrate holding 
unit requires monitoring of temperatuies, air flow, relative humidity, pressure, and 
possibly feeder status. Most of this data was assumed to be monitored at the rela- 
tively low rate of 1 sample every 10 seconds. Although this is conservatively fast 
with respect to the monitoring requirements, it is negligible with respect to the over- 
all capability of the SPACE LAB data handling capability. Considering all the monitored 
parameters, the average continuous bit rate of two small vertebrate cage modules is 
7 bits/second, as shown in Table !• It was estimated that about 1 percent of this 
data would be of interest to principal investigators on the ground. Displays which 
are required include a numeric read-out on which any desired parameter could be 
read out, and a warning device to warn of life endangering or experiment invalidation 
conditions existing within the small vertebrate cage module. Computer processing 
could include out-of-tolerance comparisons for some of the parameters as well as 
simple computations such as counting, integration, etc. All such computations can 
be performed by local special processing electronics rather than by the control 
computer if desired. 

A summary of the sampled acquisition requirements of the Dedicated 30-Day Labora- 
tory is contained in '^''able 2 . For each equipment unit, the continuous, total daily, 
and downlinked data requirements are tabulated. Ly far the largest portion of the 
data comes from the data management unit and results from the electrophysiological 
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couplers. The approximate total continuous data rate for the laboratory is 22 Kbps. 
Adding a 50 percent overhead factor to account for scheduling loss and transmission 
of parity, synchronization and I.D. information results in an average continuous rate 
of 33 Kbps. 

Superimposed upon this average rate will be short periods of relatively high rate 
data from sevexal E.I.s throughout the laboratory. These E.I. s are also shown in 
the table along with their maximum data rates and sampling durations. The highest 
rate results from the 16 electrophysiological couplers which are on an average dura- 
tion of 10 minutes each. It is unlikely that all couplers would be operating simul- 
taneously. Therefore, it was assumed that about half of them might be operating, 
thus adding 28 Kbps to the average continuous data rate. Thus, a typical maximum 
data rate is 61 Kbps for the Dedicated 30-Day Laboratory. 

The values shown in Table 2 and discussed above may be compared with those 
estimated for the Dedicated Laboratory during tiie Task C&D study. Reference 1. 

The Task C&D average continuous data rate was 45 Kbps and the maximum rate was 
90 Kbps. Thus, the current figure represents reductions of 27 percent and 32 percent, 
respectively. 

3.2 Video DATA REQUmEMENTS 

The updated Dedicated 30 -Day Laboratory contains two black and white video cameras 
and one color video camera (exclusive of those provided as part of the CDMS equip- 
ment). An operations model was used to determine the data management requirements 
to support these cameras. This model, as well as some of the resulting data manage- 
ment characteristics, are shown in Table 3. 

The model assumes that black and white camera #1 is used for intermittent moni- 
toring of experiment events for a total of 60 min. /day. An on-board monitor is 
sometimes required for this mode of camera operation. The resulting video signal 
could be recorded on video tape during the monitoring periods. This data could be 
preserved by means of storing video tape on-board or by means of downlinking, 
depending upon the mode of operation of the SPACELAB CDMS. The CDMS sys tern 
described in Section 2.0 used downlinking rather than m-board storage of video 
data. On-board storage is only provided for short periods (approximately 30 minutes) 
in the event that the TDRS downlink is not immediately available. As an option to 
downlinking, the video data could be preserved on video tape. For this t3npe of 
preservation. Table 3 gives the estimated quantity of tape required for storage. 

For black and white camera #1, this amounts to about 5. 7 Isg/day. It was estimated 
that 10 percent of this data would need to be downlinked to the principal investigators 
in Uie event that long-term preservation was by means of on-board storage. 
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The second black and white video camera contained in the life sciences Dedicated 
30-Day Laboratory was assumed to be devoted to time lapse video monitoring at a 
rate of one frame every 20 seconds for 12 houra per day. This type of monitoring 
is used to monitor critical test organisms on a continuous but time lapse basis. It 
was assumed that this data would be digitized and processed in order to facilitate 
its handling at a relatively low and steady rate rather than in bursts of high rate 
video data. In this case, the average data rate would be approximately 55 Kbps 
during 12 hours per day. This data could be transmitted the SPACELAB data 
bus, or could be bardwii«d to the digital high rate data recorders. The amount of 
tape needed to record this data would be about 0.3 kg/day (0.66 Ib/day) assuming 
100 percent efficient packing of data. This efficiently will not be possible but the 
weight value serves as a reference to which efficiency factors can be applied. It 
was assumed that 5 percent of the time lapse data should be downlinked to the princi- 
pal investigators. This is equivalent to 1.2 x lo^ bits/day. If all the time lapse 
data were transmitted to ground, the total amount would be 2.4 x lo^ bits. 

The third video camera on the Dedicated 30-Day Life Sciences Laboratory is a color 
camera, as shown in Table 3 . It was assumed that this camera was on for 30 min. / 
day. Data from this camera would be hardwired to the video I'ecorder for storage or 
subsequent in-orbit playback for transmission to the ground. 
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SECTION 4 


COMPARISON OF LIFE SCIENCES LABORATORY 
REQUIREMENTS WITH SPACELAB CAPABILITY 


In general, the SPACELAB has data management capability in excess of that required 
by the Dedicated 30-Day Life Sciences Laboratory. A comparison of the life sciences 
requirements and the SPACELAB capability is summarized in Table 4-1. The data 
bus can handle data at 1 mbps whereas the life sciences laboratory will require un to 
O.llG mbps. This requirement is comprised of 61 Kbps for various life sciences 
laboratory parameters and mea;;urements and 5.5 Kbps for the time lapse video. 

The digital wide band storage recorders can be used to record data bus signals and 
other har<h\’ired signals up to a rite of 50 mbps. Selected data bus signals can also 
be stored on the maintenance recorder . The SPACELAB CCTV provides continuous 
video monitoring and the control and display console provides 2 CRT displays, func- 
tion and alphanumeric keyboards, a number of digital readouts, and warning lights 
and alarms. These capabilities more than satisfy the life sciences requirements 
which have been identified to date. 

The digital computer requirements of the life sciences laboratory are difficult to 
predict before specific research protocols have been established. Although such 
protocols were unavailable for the Dedicated 30-Day Laboratory, several straw man 
protocols were postulated during the IMBLMS study and investigated with respect 
to their requirements for digital computer capacity, Ref* 2. It was estimated that 
a worse case load would result in 494, 233 machine cycles/sec. , or an approximate 
2 p,sec. cycle time requirement, as shown in Table 4. This would be equivalent 
to using about one-half the dynamic capacify of a control processor with a 1 us cycle 
time, such as the processorproposed for SPACELAB. 

The same reference also quoted an estimated worst case main storage requirement 
for the central processor of 12, 962 words. This may be compared to the SPACELAB 
computer’s nominal memory capability of 48,000 words. From the above comparisons, 
it may be concluded that the proposed SPACELAB computer will probably satisfy 
typical life sciences processing requirements. 

With regard to downlinked data, SPACELAB plans currently call for the downlinking 
of data via TDRS rather than on-board storage. The capability of TDRS is 60 mbps 
of digital data or one 6 mHz video signal, but not simultaneously. Thus, for the cal- 
culation of comparative values for Table 4, it was assumed that the TDRS link 
was equally Glared between digital and video date dowillnking. Further, since TDRs 
will be available for only about 85 percent of the time for SPACELAB use, this factor 
was also used to calculate the the SPACELAB downlinking capability. The above 
assumptions result in the values shown in Table 4 of 1.84 x 10^^ bits/day of digital 
downlink capability and 10.2 hrs of video. These values are much greater than the 
requirements currently idenf 3d for the Dedicated 30-Day Laboratory. 
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COMPARISON OF DEDICATED 30-DAY LABORATORY 
MANAGEMENT REQUIREMENTS AND SPACEtAB CDMS CAPABILTTY 
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